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Severson , M. J. Comparison of  continuous and discontinuous 
t readm i l l  protocols for elicitation of maximum 
oxygen uptake in prepubescent females . Master o f  
Science , 1 9 8 8 , 8 5  p .  (J.L. Ewing ) 
A continuous and discontinuous treadm i l l  test was 
uti l i z ed for the el icitation of vo2max in 14 females ages 
8 ,  9 ,  and 10 years . The first visit to the l ab was a 
famil iari z ation sess ion with equipment and procedures 
expla ined and a continuous treadmil l  test comp l eted . · The 
order of  the next two sess ions was randomly ass igned and 
was e ither a continuous or discontinuous treadmill  proto-
col . Both tests were run at 4 . 5  mph and began with a O% 
grade . A grade increase of 2 . 5 % occurred for each workl oad 
until the subj ect indicated she could no longer cont inue . 
The durat ion o f  each workload was 2 minutes on the con-
tinuous protocol and 3 minutes on the discont inuous . A 
f ive minute rest followed eacn three minute workl oad in the 
discont inuous protocol . From a correlated groups T-test it 
was determined that a significant d�fference exi sted in 
· vo2max in both l iters per minute and mil l i l iters per 
kilogram per minute obtained from continuous and discon-
tinuous treadmi l l  protocols . The mean V02max o f  the 
continuous test was 1 . 2 3 + . 1 6 l iters per minute and 4 0 . 7 ± 
5 . 4 2 mi l l il iters per kilogram per minute and the di scon­
tinuous test was 1 . 4 3 ± . 2 l iters per minute and 4 7 .3 ± 
7 . 1 1 mi ll il iters per kil ogram per minute . 
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CHAPTER I 
INTRODUCTION 
Whi l e  America has been involved in a so-ca l l ed 
fitness " boom" for over a decade many o f  Amer ica ' s  children 
have not been reaping the benefits . In the 1 9 6 0 ' s  only 
about 2 4 %  of a l l  adults exercised , but recent figures · show 
about 5 0 %  to 6 0 %  of adults are now exerc is ing ( Corbin & 
Lindsey , 1 9 8 8 ) . Although a maj ority of  adults feel 
exercise is important for good health they are not motivat­
ing their chi ldren to be physically active . According to 
the Nat ional Children and Youth Fitness study more than 
one-hal f  of schoo l age chi ldren are not cons idered phy s i ­
cal ly f it and d o  not exercise enough ( Ross , Dotson , 
Gilbert , & Katz , 19 8 5 ) . 
The fitness "boom" , along with our increased 
knowledge o f  the importance of regular exerc i se , has had an 
impact on , but has not prevented , cardiovascular disease . 
Heart disease ·is stil l  the l eading cause o f  death 'in the 
United States ( Corbin & Lindsey , 198 8 ) . The risk factors 
of cardiovascular disease in children have been shown to 
include obes ity ; hypertens ion , elevated serum chol esterol 
and triglycerides , and phys ical inactivity ( Gi l l iam , Kate� , 
Thorland , & Weltman , 197 7 ) . Gill iam et a l . ,  ( 1 9 7 7 ) found 
19 . 1% of the 4 7  children they studied were obese , 1 0 %  had 
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elevated serum cholesterol ; 1 8 %  had e l evated triglycerides , 
and 1 1 %  had low work capacities . Whi l e  identi fication of  
risk factors has been heavily stressed in adults ,  it is  
apparent that these risk factors are being identi fied 
during adol escence or even childhood . I f  these risks 
factors are preval ent in children there is j us t i f ied 
concern for how unhealthy the adult population may be in 
the future . 
It is bel ieved that phys ical activity is a protec­
tion against cardiovascular disease and regular exercise is 
very benef icial ( Pollock , �i lmore , & Fox , 1 9 7 8 ) . These 
benef its include increased work capac ity , cardioresp iratory 
f itness , and muscular strength and endurance , all . o f  which · 
can decrease the risk of  di sease . In addit ion , physical 
activity can help regul ate blood pressure , reduce and 
control we ight , regulate metabol ism ,  and prevent loss of  
bone mass . Phys ical activity can also prov ide ari outlet 
for tens ion and mental fatigue , improvements in posture and 
sel f-image , and a sense of " feel ing good " ( Po llock et al . ,  
1 9 7 8 ; Corb in & Lindsey , 19 8 8 ) . 
Phys ical f itness is the ab il ity o f  the heart , blood 
vesse l s , lungs , and muscles to work the ir best to meet the 
chal l enges of l i fe ( Corbin & Lindsey , 1 9 8 8 ) . These 
· chal l enges could range from shovel ing snow , to touching 
one ' s  toes , to running a marathon . The maj or components of 
phys ical f itness are body composition , flexib i l ity , 
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strength , muscular endurance , and cardiovascular endurance 
( Po l l ock et a l . ,  197 8 ) . Cardiovascular endurance is 
frequently considered the most important aspect of phys ical 
f itness because those who possess it are l ikel y  to decrease 
their risk of coronary heart disease . Card i ovascular 
endurance i s  the abil ity of  the heart , b l ood vesse l s , 
blood , and respiratory system to supply oxygen to the 
muscles during sustained exercise ( Corbin & Lindsey , 1 9 8 8 ) . 
I f  a person has good cardiovascular endurance , they can 
pers ist in phys ical activity for relatively l ong periods o f  
time without undue stress . 
To determine a person ' s  cardiovascular endurance , 
the maximum amount of  oxygen that a person i s  capable of 
us ing dur ing strenuous exercise is measured ( Vo2max ) . 
vo2max is cons idered to be the best indicator o f  aerob ic 
work capac ity and is l imited by the capac ity o f  the car­
diorespiratory systems to del iver oxygen to the tissues 
(Miyamura & Honda , 1 9 7 2 ) .  To measure maximum oxygen 
uptake , researchers have used modes of exerc ise in wh ich 
the workl oad can be controlled .  The motor-driven treadmi l l  
and the b icycl e  ergometer are two commonly used modes . 
Controll ing the workload involves regulating the speed ·and 
grade of the treadmil l  or the res istance and cadence o f  the 
· bicycle ergometer . vo2max is attained when the workl oad is 
so high that the subj ect can no longer continue . 
Indiv idual s  of  al l ages and both s exes have been 
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tested for vo2max . Optimal procedures for determining 
V02max have been identi fied but most o f  the research has 
been carried out with col lege-age males as  subj ects . 
Studies examining the measurement of maximum oxygen uptake 
in children have been compl eted (Wilmore & S igerseth , 19 6 6 ; 
Skinner , Bar-or , Bergsteinova , Bel l , Royer , & Buskirk , 
19 7 1 ; Nagl e , Hagberg , & Kamei , 1977 ; Cunningham , Van­
Waterschoot , Paterson , Le fcoe , & Sangal , 1 9 7 7 ; Krahenbuhl , 
Pangra z i ,  Petersen , Burkett , & Schneider , 1 9 7 8 ; Paterson , 
Cunningham , & Donner , 19 8 1 ; Ferrar , 1 9 8 5 ; Sheehan , Rowland , 
& Burke , 19 8 7 ) although th�re is sti l l  some question as to 
the most appropriate protocol ( Skinner et al . ,  1 9 7 1 ; 
Shephard , 19 7 1 ; Paterson et al . ,  19 8 1 ) . 
Questions encountered in the assessment o f  vo2max 
in children may be related to unrealistic vo2max attainment 
criteria , inappropriate test protocol s ,  phys iological and 
psychol og ical d i fferences in exercise responses o f  chi ldren 
compared to adults , and the identification o f  a maximal 
effort in children ( Paterson et al . ,  1 9 8 1 )  .. In order to 
determine whether maximum oxygen uptake has been attained 
during a test the normal criteria is the estab l ishment of a 
plateau or l evel ing off in oxygen uptake with an increa
.
se 
in workload . A true plateau has been di f f i cult to observe 
· on a regular bas is in chi ldren . Only 2 o f  the 13 subj ects 
met · the criterion for a plateau during the cont inuous test 
i� Ferrar • s  ( 1 98 5 )  study . Also us ing ·a continuous test , 
Paterson et a l . ( 19 8 1 )  had only 2 4 o f  the 7 2 tests ad­
ministered result in a plateau in vo2 • Cunningham et al . 
( 19 7 7 ) found a plateau in only 3 8 %  o f  the ir subj ects us ing 
a continuous test . However ,  Krahenbuhl et a l . ( 19 7 8 ) used 
a continuous protocol and observed that 8 3  o f  the 1 1 7  
subj ects or 7 1% attained a plateau in oxygen consumption . 
When a plateau is not attained it may be more appropriate 
to use the term peak vo2 • 
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Commonly used treadmi l l  protocols have been 
des igned for adults and may not be appropriate for use with 
children . The physiolog iqal and psycholog ical di f ferences 
between adults and children may requ ire a modi fication o f  
the testing protocol for elicitat ion o f  vo2max in· chi ldren . 
Many researchers have been concerned with the rel iab i l ity 
of  the results from us ing the same protoco � s  on children 
that are used to test adults ( Skinner et al . �  19 7 1 ; 
Paterson et al . ,  19 8 1 ; Shephard , 19 8 4 ) .  S ince chi ldren may 
not be highly motivated to give a maximal e f fort it may be 
more di f f icult to measure their maximum oxygen uptake . 
The b icycle ergometer and the treadmil i are the 
most often used modes for the assessment of vo2max·. The 
treadmill appears to el icit the highest vo2max values 
( Hermansen & Saltin , 19 6 9 ; Miyamura & Honda , 1 9 7 2 ; McArdle , 
Katch , & Pechar , 19 7 3 ) .  A variety o f  treadmi l l  protoco� s  
exist with the two main . classi fications being continuous or 
discontinuous . A treadmil l  test is continuous when there 
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is a gradual trans ition from low intens ity to maximal work 
capacity with no rest periods . A treadmill  test i s  
discontinuous when there is a gradual trans it ion from low 
intensity to maximal work capacity that alternates work and 
rest perio9s . Therefore , the maj or d i fference between the 
protocol s  is that the continuous test has no rest periods 
and the discontinuous test has a rest period a fter each 
workload . 
Deciding whether to use a continuous or a di scon­
tinuous protocol can be a concern for the researcher . The 
continuous protocol has aqvantages as does the discon-
. tinuous protocol . Although the continuous protocol needs 
less time to complete , a plateau in oxygen consumpt ion is 
not a lways atta ined . Discont inuous protocol s  requ i re more 
time to compl ete , but subj ects may not need as much 
motivation to reach the ir maximal capac ity . During a 
discont inuous test the subj ect can be encouraged during the 
rest periods and while on the treadmi l l , whereas during a 
continuous test they can only be encourageQ whi l e  on the 
treadmil l . I t  takes a highly motivated subj ect to give a 
maximal e ffort on a continuous test . In many studies using 
adults no s igni ficant di fferences in V02max have been 
observed when el icited by continuous and discont inuous 
protocol s  ( Maksud & Coutts , 1971; Skinner et al . ,  1971; 
McArdle et al . ,  1973 , Fardy & Hel lerstein , 1978). The same 
results have been found with boys as subj ects by Sheehan et 
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al . ( 19 87 ) . However , Ferrar ( 19 8 5 )  did f ind a s igni f icant 
difference in vo2max values obtained from continuous and 
discontinuous protocols us ing 8 ,  9 ,  and 1 0  year old females 
as subj ects . Whi l e  the results of  this study were thought 
to be rel iabl e , due to a constant error in the measurement 
system there is concern about the val idity o f  the results 
and it , therefore , should be repl icated . 
Testing for maximum oxygen uptake i s  needed to 
assess the phys ical fitness of  our children . While 
treadmil l  protocols which accurately determine vo2max have 
been des igned , assessed , �nd val idated for adults ( Maksud & 
. Coutts , 1 9 7 1 ; McArdle et al . ,  19 7 3 ; Fro l i cher et al . ,  1974� 
McKay & Banister , 1976; Fardy & Hel lerstein , 1978) there is 
stil l  some quest ion regarding wh ich maximum oxygen test is  
best used for ch ildren . More research needs to be com­
pl eted ut i l i z ing children as subj ects to develop the most 
appropriate protocol for el iciting vo2max . There fore , th is 
study , which is a repl icat ion of the Ferrar (1985) study , . 
was undertaken to further examine vo2max test ing in 
chi ldren . 
Statement of  the Probl em 
The purpose o f  this study was to compare cont inuous 
and discont inuous treadmil l  protocols for the e l ic itat ion 
o f  maximum oxygen uptake in 8, 9, and 10 year old females . 
Hypotheses 
The resear�h hypotheses tested were : 
1 .  The maximum oxygen uptake o f  prepubescent 
females in l iters per minute measured quring a cont inuous 
treadmil l  protocol is not different from thos e  values 
obtained from a discontinuous treadmil l  protocol .  
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2 . The maximum oxygen uptake of  prepubescent 
females in mil l i l iters per kil ograms per minute measured 
during a continuous treadmil l protocol is not di f ferent 
from those values measured during a discont inuous treadmi ll  
protocol . 
3 .  The respiratory exchange ratio o f  prepubescent 
females at vo2max measured during a continuous treadmill · 
protocol is  not d i fferent from those values measured during 
a discont inuous treadmil l  protocol . 
4 .  The volume exp ired of prepubescent females at 
V02max measured during a continuous treadmi l l  protocol is 
not different from those values measured during a discon­
tinuous treadmil l  protocol . 
Definition of Terms 
Continuous Treadm i l l  Test : A protocol for the el ic itation 
of  V02max with progressively increasing workl oads with no 
rest periods ( Lamb , 1978). 
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Discontinuous Treadmil l  Test : A protocol for the el icita­
tion of vo2max with progress ively increas ing workloads 
allowing suf f icient time for recovery between increments o f  
work ( Taylor , Buskirk , & Henschel , 19 5 5 ) . 
Maximum oxygen Uptake cvo2maxl : The greatest volume of  
oxygen a person can util i z e  during maximal phys ical work . 
It i s  a measure of  the person ' s  maximal capacity to 
transport oxygen to the t issues of the body and the t i ssues 
ab il ity to uti l i z e  the oxygen (Mitche l l , Sproul e ,  & 
Chapman , 1 9 5 7 ) • 
Maximal E ffort : When an individual exercises to exhaus­
.tion . If an individual attains a plateau in vo2 with 
increas ing workl oads and has a RER over 1 . 0 0 it is  a good 
indicat ion the individual has given a maximal e f fort 
( Paterson et al . ,  19 8 1 ) . 
Maximal Heart Rate : The maximum number o f  t imes the heart 
can contract in one minute ( Lamb , 197 8 ) . 
Plateau : A plateau in vo2 occurs when two consecut ive 
measurements differ by 2 . 1  mil l il iters per .kil ogram per 
minute or l ess fol l owing a 2 . 5 % increase in grade ( Taylor , 
Buskirk , & Henschel , 195 5 ) . 
Respiratory Exchange Ratio CRERl : The volume o f  carbon 
dioxide produced divided by the amount o f  oxygen produced . 
· This variab l e  re flects the intens ity o f  the exercise and 
the type o f  fuel being used ( Issekutz , B i rkh·ead , & . Rodahl , 
1 � 6 1 )  . 
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Peak vo2 : The highest oxygen consumption ach i eved by the 
subj ect on a test to exhaust ion . vo2max wil l  equal or 
exceed peak vo2 • A subj ect may achieve a peak value , but 
may not meet the criterion for vo2max . Without a plateau 
in vo2 there is no assurance that vo2max has been attained , 
therefore in these cases peak vo2 is the more appropriate 
term ( Krahenbuhl , Skinner , & Kohrt , 19 8 5 ) . 
Open Circuit Method : Subj ect breathes in unl imited amounts 
of  ambient air that is made up of a constant compos ition of  
oxygen , carbon dioxide , and nitrogen instead o f  breathing 
in the exp ired air aga in ( McArdle , Katch , & Katch , 1986) . 
Assumpt ions 
The fol l owing assumpt ions have been made for the 
purpose of this  study : 
1. All females ages 8, 9, and ·10 years can give a 
maximal ef fort on a graded exercise · treadmil l  test . 
2 . The minor environmental fluctuat ions in the 
Human Performance Lab did not a f fect the results o f  the 
study .  
3. The di f ferent levels o f  maturation o f  females 
8 ,  9, and 10 years did not af fect the phys iological 
response to the graded exercise test . 
4 .  The highest oxygen uptake atta ined during a 
test ( peak V02 ) i s  equal to V02max . 
Limitations 
1 1  
Thi s  study incorporated a repeated measures des ign 
with each subj ect completing a continuous and discont inuous 
treadmil l  test . There are both advantages and disad-· 
vantages to repeated measures des igns . Whi l e  The subj ects 
may have experienced a learning e ffect fol l owing the first 
test with resultant improvement in second test values , this  
l imitat ion was controlled for by randomly ass igning the 
order o f  the tests . 
Scope of  the Study 
Subj ects· were 8, 9 ,  and 10 year o ld females from 
Colman , S outh Dakota . The subj ects made three vis its to 
the Human Per formance Lab in the Stanl ey J. Marshal i 
Health , Phys ical Education , and Recreation . Center on the 
campus o f  S outh Dakota State Univers ity . Each testing 
sess ion l asted approximately 3 0  minutes . The f i rst vis it 
was a famil iarization sess ion to acqua int the subj ects to 
the treadmill  and lab procedures . At each test ing sess ion 
four electrodes were placed on the torso of the subj ect and 
then connected to the heart rate monitor . The mouthp iece , 
headgear , and nose c l ip were then placed on the subj ect and 
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the hoses from the gas meter and to the mixing chamber were 
connected to the mouthpiece valves . Al l protocols were 
carried out until the subj ect indicated she could no longer 
continue . The second and third vis its consisted of  the 
subj ects comp l eting either a continuous or discontinuous 
treadmi l l  test . The order of  the tests were randomly 
ass igned . The testing was completed between March 7 and 
March 2 5 ,  1 98 8 , between 4 : 0 0 and 6 : 3 0 pm . At l east 4 8  
hours separated each test . 
S ignificance of the Study 
Most researchers cons ider maximum oxygen uptake as 
the best indicator of cardiovascular endurance ,  the most 
important component of physical fitness . Today , f itness i·s 
of great importance , therefore , we need an accurate method 
of measuring vo2max . Maximal exercise testing has been 
studied extens ively , however ,  most of the work has peen 
· done on col lege-age males (Maksud & Coutts , 1 9 7 1; Miyamura 
& Honda , 19 72;· McArdle et al . ,  1 9 7 3 ;  Keren et al . ,  198 0 ) . 
More research on maximal exerc ise testing in child�en needs 
to be compl eted since it is necessary to identi fy protocols 
that accurately measure vo2max . A maj or goal o f  phys ical 
educati on programs is  to improve the phys ical f itness - of  
our chi ldren . I t  is important to  be  abl e  to  measure these 
improvements using either vo2max tests or tests which 
predict vo2max . More research focus ing on the actual 
measurement o f  vo2max needs to be completed so  that 
accurate predictive measurements can be estab l i shed for 
1 3  
phys ical educators t o  uti l i ze with chi ldren . Accurate 
assessments of vo2max have been establ ished for adults and 
postpubescent boys . However , no clear ident i fication of  
the best vo2max protocol for prepubescent girl s  has been 
establ ished . With the current emphas is on fitness , and 
particularly children ' s  fitness , it is critical that 
appropriate measurement techniques be uti l i z ed .  There fore , 
this study tested prepubescent girls on cont inuous and 
discont inuous protocols to help establ ish appropriate 
· measurement techniques . 
HILTO:J M 8 ·dGS U' ... riAR'r 
South 03 10ta S�..:.J University 
Broo1<1ng� · 30 57007-1098 
CHAPTER I I  
REVIEW O F  LITERATURE 
The research l iterature that i s  pertinent to this 
study on maximum oxygen uptake testing in prepubescent 
females i s  presented in this chapter . It has been or­
ganized into four maj or sections and the chapter concludes 
with a summary of the review of l iterature . 
Maximum Oxygen Uptake 
over the last 3 0  years hundreds o f  studies have 
been completed examining maximal oxygen uptake ( V02max ) . 
Presented in this section are several o f  the c lassic 
studies estab l ishing vo2max as the s ingle best ind icator of 
cardiovascular function . 
In one o f  class ical studies of  maximum oxygen 
uptake , Tayl or , Buskirk , and Henschel ( 19 5 5 )  described the 
technique of  measuring vo2max along with i�s l imitat ions 
and use fulness . Forty-s ix male volunteers between the ages 
o f  1 8  and 3 5  years came to the lab a minimum o f  three days · 
and some as many as five to a establ ish workl oad that would 
el ic it vo2max . on the first vis it - the subj ects performed 
the treadmil l vers ion of the Harvard Fitness Test . From 
this test the grade that would produce V02max was es-
t imated . The second visit to the lab involved a treadmi l l  
test with a warmup a t  3 . 5  miles per hour and 1 0 %  grade . 
Within f ive minutes of  completing the warmup , subj ects ran 
at seven miles per hour for three minutes at the grade 
which had previously been determined . on the third trip 
to the lab , subj ects followed the same protocol as on the 
second visit except they ran at a 2 . 5% h igher grade . I f  
the two oxygen intakes were different by less than 1 5 0  
cubic centimeters per minute or 2 . 1  cub ic centimeters 
kilograms per minute the authors determined that a vo2max 
had been reached . I f  a la�ger di fference was found , 
another test was performed on a subsequent day with a 2 . 5 % 
grade increase . This was continued unt i l  two consecut ive 
tests el icited an oxygen intake that met the criterion . 
Another method of  atta ining vo2max was a l so examined . On 
successive days the subj ects ran for three minutes with the 
grade set at z ero percent while the speed was increased 
each day unt i l  a pl ateau us ing the previous ly described 
criteria had been reached . Nine of the t�i rteen subj ects 
us ing the increas ing speed . method showed a plateau in vo2 . 
When us ing the method of increas ing grade instead of speed 
it was found that only 7 subj ects out of 1 1 5  did not reach 
a plateau . The authors concluded that i f  two consecutive 
· measurements separated by a 2 . 5 % grade increase differ by 
less than 1 5 0  cub ic centimeters per minute or 2 . 1  cub ic 
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centimeters per kilogram per minute , a p l ateau has been 
attained . 
As a fol l ow-up to the Taylor et a l . ,  ( 19 5 5 )  study , 
Mitchel l ,  Sproule , and Chapman ( 19 5 7 ) attempted to deter­
mine the phys iol ogical meaning of the maximum oxygen uptake 
test . S ixty-f ive men aged 2 0 years or over compl eted a 
testing protocol s imilar to Taylor et al . ,  ( 19 5 5 )  except 
rather than allowing 2 4 hours between runs on the treadmi l l  
only 1 0  minutes o f  rest was given . The subj ects warmed up 
for 10  minutes at 3 miles per hour and 1 0 %  grade fol l owed 
by a 10  minute rest . The first 3 minute workload was at 6 
miles per hour and 0 %  grade followed by a 1 0  minute rest . 
The grade was increased by 2 . 5% in each subsequent workl oad 
while the speed rema ined constant . The test continued 
until increases in oxygen uptake leveled o f f  fol l owing the 
same criteria as · Taylor et al . ,  ( 19 5 5 ) . On a subset of 1 5  
subj ects cardiac output and A-vo2 dif ference were 
determined at rest and during three workl oads of the test . 
To fac i l itate these measures a catheter was . pl aced in the 
left brachial artery and the brachial and femoral ve ins . 
The authors determined that maximum oxygen uptake was 
limited by cardiac output and A-vo2 difference and . that . 
increased cardiac output may be more important than 
increased A-vo2 difference . Al so a 10 minute rest between 
workloads was found to be sufficient time rather than us ing 
Taylor ' s  et al . i  ( 19 5 5 )  rest period o f
. 
2 4 hours . 
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A study finding sl ightly different results than 
Taylor et a l . ( 19 5 5 )  was completed by Wyndham , strydom , 
Maritz , Morri son , Peter , and Potgieter ( 19 59 ) . They 
examined the rel ationship between heart rate and vo2max as 
wel l  as the criteria for atta ining vo2max . Four highly 
trained men were the subj ects . The training involved a 1 0  
minute warm up with 3 0 00 feet per pound p e r  minute . Then 
for 3 0  minutes they worked at 7 0  revolut ions per minute and 
a res istance of 7 5 0 0  feet per pound per minute . After the 
3 0  minute workload , subj ects pedaled at 9 0 0 0  to 1 1 000  feet 
per pound per minute until exhaustion . After the subj ects 
were tra ined they then worked for 4 months at workloads 
ranging from 2 5 0 0  to 1 1 0 0 0  feet per pound per minute . On 
Mondays the workload was always 7 5 0 0  feet per pound per 
minute to test the variabil ity of heart rate and oxygen 
consumption while on other days the workl oad was randomly 
ass igned . Gases were col lected at the second and tenth 
minutes at workl oads below 8 0 0 0 feet per pound per minute 
and only at the second minute when above 8 00 0  feet per 
pound per minute . The oxygen intake and heart rate curves 
were l inear until maximum heart rate was atta ined . · A shi ft 
of the curve was observed towards higher values of oxygen 
intake than would be expected if pl otted along the maximum 
· heart rate curve . The authors suggest that predicting 
V02max from maximum heart rates values could · result in 
u�derestimat ing . vo2max . In confl ict with Taylor ' s  et al . ,  
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( 19 5 5 ) criteria for . establ ishing vo2max , thi s  study found 
at the three highest workloads there was no s igni f icant 
difference in vo2 from the mean vo2 o f  those minutes . The 
authors pointed out that there is such a s l ow rise in 
oxygen intake to the asymptote when plotted against work 
rate that Taylor ' s  et al . ,  ( 19 5 5 ) criteria may underes­
timate vo2max . 
Astrand and Salt in ( 19 6 1 )  used one female and four 
mal es as subj ects to examine oxygen uptake , heart rate , 
pulmonary ventilat ion , and lactic acid concentration during 
heavy exercise . The exerc ise was performed on a bicycle 
ergometer at 5 0  revolutions per minute . A 1 0  minute warm 
up was completed at about 55% of vo2max fol l owed by a 
workload which was des igned to increase to a l evel that 
woul.d produce exhaustion within two to eight minutes . When 
the workload could be ma inta ined for 6 . 5  minutes the vo2 
after l minute of  exercise was 8 4 %  of  the 1 minute value 
from workl oads that could be ma inta ined only 2 minutes . 
The time for establ ishment of a plateau , there fore ·, depends 
on the workload . The authors felt that a 1 0  minute warm up 
fol lowed by 2 minutes o f  very heavy exercise wi l l  produce 
maximal oxygen uptake and heart rate . The acceleration o f  
heart rates was higher , ( 177 beats per minute ) after the 
first minute o f  exercise in the 2 minute workload than iri 
the 6 . 5  minute workload { 1 64 beats per minute ) . Ttie VE for 
the 6 . 5  minute exerc ise was 1 3 7 . 3  l iters and 1 5 5 . 8  l iters 
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for the 2 minute workload . The heavier the workl oad the 
higher the VE and the increase was more rapid . The authors 
concluded that in order to establ ish a steady state vo2 the 
workload should be at l east five minutes for l ighter 
exercise , however ,  if the exercise was heavy measurements 
could be taken a fter one minute of exercise . 
I n  1 9 7 1 , Mitchel l  and Bl omqvist wrote a comprehen­
sive review o f  the work completed on maximum oxygen uptake . 
They indicated that when a person is subj ected to progres ­
sively increas ing workloads there is a l inear rel ationship 
between workload and oxygen uptake until vo2max is  at­
tained . Many t imes more work can be accompl i shed beyond 
the workload which el icits vo2max . Whi l e  vo2 max depends on 
maximal card iac output and A-vo2 dif ference , maximal 
cardiac output seems to be more important . A number o f  
variables have been shown to influence vo2max including 
body s i z e , age , sex , and activity level . When vo2max is 
. expressed in l iters per minute it reflects the total volume 
of oxygen the body is capable of us ing but i s  inappropriate 
to use for comparing individuals . due to di f ferences in 
muscle mas s . When vo2max is expressed in mi l l i l iters per 
kil ogram per minute it reflects the
.
relative volume o f  
oxygen the body i s  capabl e  of  us ing and should be used when 
comparing the vo2max o f  two or more individua l s . vo2max 
appears to decrease with age and males tend to have a 
higher vo2max than females .  More active indiv iduals tend 
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to have a higher vo2max than their sedentary counterparts . 
And f inal ly , maximum oxygen uptake has been wel l -es­
tab l i shed as the best indicator of  cardiovascul ar fitness . 
Modes of Testing 
Although there are various modes o f  measuring 
vo2max , the treadmil l  and the bicycle ergometer are used 
most o ften and el icit the highest vo2max values because o f  
the large muscle groups being used ( Mitche l l  & Blomqvist , 
197 1 ) . Studies have been conducted which compared vo2max 
elicited on the treadmil l  with that el icited on the bicyc le 
ergometer . Maximal oxygen uptake has been found to be 
consistently higher on the treadmi l l  then on the bicycle 
ergometer ( Glass ford , Baycroft , Sedgwick , & MacNab , 1964; 
Hermansen & Saltin , 1969; McArdle & Magel , 1970; Miyamura & 
Honda , 1972; McKay & Banister , 1976; Keren , Maga z anik , & 
Epstein ,  1 9 8 0 ) . 
Glass ford , Baycro ft , Sedgwick , & MacNab ( 1964) used 
four dif ferent
. 
methods for determination o f  vo2-max . The 
subj ects were 2 4 in number and · ranged in age from 17 to 3 3  
years . One test was the Taylor Buskirk , and Henschel 
( 19 5 5 )  test , the speci fics of which have been described 
previously in this review . This protocol has the subj ects
. 
returning on subsequent days for the next higher workl oad 
until a plateau in vo2 has occurred . The Mitchel l ,  
Sproule , & Chapman ( 1957) test was also admini stered , the 
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speci f ics o f  which have also been described in the previous 
sect ion . Thi s  proto_col is similar to the Taylor et al . ,  
( 19 5 5 )  protocol with the replacement o f  2 4 hour rest 
periods by 10 minute rest periods . The Astrand b ike test 
was also used which involves pedal ing at 5 0  revolutions per 
minute and 6 0 0  kiloponds meters per minute o f  res istance 
for 6 minutes which was fol lowed with a 5 minute rest . The 
res istance was then increased by 3 0 0  ki l oponds per min each 
workload unti l  a plateau in vo2 was reached ( increase o f  8 0  
mil l i l iters or l ess ) . The Astrand-Rhyming predict ive test 
on the bike a l so involved riding at 6 0 0  kilogram meters per 
minute and 50 revolutions per minute . Heart rates were 
recorded the last 3 0  seconds of each minute . The durat ion 
of each workl oad was determined by having reached a steady. 
state in heart rate . Criteria for having attained a steady 
state was when two consecutive heart rate values which were 
separated by a minute did not di ffer more than ± 5 beats . 
The subj ect pedal led at least five minutes be fore this 
criteria was appl icable . The two heart rate values were 
averaged and used in the Astrand-Rhyming nomogram to 
predict vo2max . Results included : Taylor , Buskirk , and 
Henschel test - 5 0 . 2 ± 4 . 4 3 millil iters per k i l ogram per 
minute ; Mitche l l , Sproule ,  and Chapman test - 4 9 . 8 6 ± 5 . 6 5 
mil l i l iters per kilogram per minute ; Astrand test - 4 6 . 3 1 + 
4 . 6 7 mil l i l iters ; and Astrand-Rhyming predi ct i on - 4 9 . 3  ± 
10·. 7 2 mil l i l iteis per kilogram per minute . The mean from 
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the Astrand test was s igni ficantly lower than the means o f  
the other three tests . The means of  the two treadmill 
tests were s igni ficantly higher than the mean o f  the 
Astrand bike test . These results indicate that the 
treadmill  el icits higher vo2max values than the bicycl e  
ergometer . 
Keren , Magazanik , and Epste in ( 19 8 0 ) , l ike Glass­
ford et al . ,  ( 19 6 4 ) , used three direct measurements 
( treadmi l l  test , bicycle ergometer test , and step test ) and 
one indirect measurement (Astrand-Rhyming Nomogram ) to 
determine vo2max . Fi fteen - males with a mean age o f  2 0 . 2 ± 
• 17 years completed all 4 tests . The Bruce protocol was 
uti l i z ed for the treadmill test . The test was initiated at 
1. 7 miles per hour and 10%  grade . Every three minutes the 
grade was increased two% and speed increased every three 
minutes as fol lows :  1 . 7 ,  2 . 5 , 3 . 4 ,  4 . 2 , 5 . 0 ,  5 . 5 , and 6 . 0  
miles per hour . The test was terminated when the subj ect 
. was unable to continue . The bicycle ergometer test 
cons isted of pedal ing at 600 kilogram meters per minute for 
3 minute workloads with an increase of 3 0 0 ki l ogram meters 
per minute each workload . This continued unti l  subj ect was 
unable to ma intain the cadence . A bench with a height of  
3 2 . 5  centimeters was used for the step test . The stepp ing 
pace started at 2 4 steps per min and increased cont inuously 
each minute to between 40 to 60 steps per min . With the 
Astrand-Rhyming Nomogram the subj ects pedaled at 5 0  
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revolut ions per minute for three successive workloads o f  
6 0 0 , 9 0 0 , and 12 0 0  kiloponds meters per minute each lasting 
five minutes . Heart rates were monitored and used in the 
nomogram to predict vo2max . The mean vo2max values were : 
treadmil l  test - 6 3 . 8  ± 1 . 3  millil iters per k i logram per 
minute ; b icycle ergometer test - 60 . 2 ± 1 . 4 5 mil l i l iters 
per kilogram per minute ; step test - 59 . 6  + 1 . 3 5 
mill i l iters per kilogram per minute ; and predicted b icycle 
ergometer test - 5 9 . 9  ± 1 . 4  mil l i l iters per kilogram per 
minute . No s igni ficant differences were found between 
V02max determined by the bicycle ergometer , the step test , 
. 
' 
and the Astrand-Rhyming nomogram . The treadmill  test 
el ic ited s igni ficantly greater vo2max va lues of about six 
percent when compared to the other methods . 
In 19 6 9  Hermansen and Saltin al.so found s ig­
nificantly higher maximum oxygen uptake values from a 
treadmil l  protocol compared to values from a bicycle 
ergometer protocol . The subj ects were 5 5  ma les ages 1 9  to 
69 years . Both tests were discontinuous in · nature . A 
constant grade o f  5 . 2 5%  was used . for the treadmil l test . . 
The speed was increased by two kilometer per hour every 
three minutes until a plateau in vo2 was observed . The 
Astrand and Saltin protocol for the bicycle ergometer was 
used . The pedal rate was 50  revolutions per minute and the 
workload was increased by 2 0 0  kiloponds meters per minute 
after each success ive 10 minute stage unti l  V02max was 
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achieved . A s igni ficant di fference was found between the 
mean V02max values with the treadmil l  protocol el iciting 
4 . 18 l iters per minute and the bicycle protocol 3 . 9  l iters 
per minute . Forty-seven of  the 55 subj ects showed higher 
vo2max values on the treadmill test than the b icycle 
ergometer test . 
McArdle and Magle ( 19 7 0 )  also used a treadmill  . and 
a bicycle ergometer for elicitation of  vo2max from 2 3 ma le 
col l ege students . The treadmi ll test was begun with the 
subj ects walking at 0 %  grade and a speed o f  3 . 4  mi les per 
hour for the first 2 minutes . Grade was increased by one 
percent every minute until the subj ect was unable to 
continue . On the b icycle ergometer test the subj ect 
pedaled at 60 revolut ions per minute . An increase of 18 0 
kilograms per minute every tw� minutes was admini stered 
until the subj ect was unable to continue . The mean V02max 
values were s igni ficantly higher on the treadmill compared 
to the bicycle ergometer ( 4 2 . 7  mi l l i l iters per kilogram per 
minute and 3 8 . 5  mil l i l iters per kilogram per· minute , 
respective ly ) . 
Using 1 7  college-age males , Miyamura and Honda 
( 197 2 ) compared the vo2max values obtained from a constant 
loading and a stepwise incremental loading treadmi l l  and 
bicycle ergometer test . The treadmil l speed and the 
bicycle ergometer load were such that maximal e f forts would 
be reached in four to eight minutes . The treadmi l l  
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constant l oading test consisted of  a speed o f  18 0 to 2 0 0  
meters per minute an� 8 . 6% grade . The incremental loading 
treadmil l  test util ized a two minute warmup at 1 5 0  to 1 7 0  
meters per minute a t  8 . 6% grade . After the warmup , the 
speed was increased 10 meters per minute each minute unt il 
exhaustion . The constant loading bicycle test involved 
pedal ing at 6 0  revolutions per minute and the workload· 
varied from 12 6 0  to 162 0 kilograms per minute depending on 
the subj ect ' s  level of fitness . The incremental loading 
bicycle test began with a two minute warmup at 6 0  
revolut ions p e r  minute and a load of  9 0 0  t o  12 0 0  kilograms 
per minute . The workload was increased by 18 0 kilograms 
per minute each minute unt il exhaustion a fter the warmup 
period . The mean vo2max values for the treadmill tests 
were not s igni ficantly dif ferent between the incremental 
loading ( 3 . 9 5 l iters per minute ) and the constant load ing 
technique ( 3 . 8 9 l iters per minute ) . For the b icycle 
ergometer test , the vo2max value on the incremental loading 
was 3 . 3 7 l iters. per minute apd for the constant l oading 
3 . 58 l iters per minute ; a signi ficant di fference . A 
signi ficant d i fference was also found between vo2max values 
from the treadmill compared to the bicycle ergometer with 
the treadmill  el iciting higher values . There fore ; it is 
best to use the treadmill for el icitation of V02max values . 
S igni ficantly higher V02max values from a treadmi l l  
test versus a bicycle ergometer test ·were al so found by 
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McKay and Bani ster ( 19 7 6 ) . Five males with a mean age o f  
2 4 . 8  + 2 . 5  years were tested o n  4 maximal treadmil l tests 
and 4 max imal bicycle ergometer tests . The d i fferences 
between the tests were in the pedaling rate and the 
treadmil l  speed . Subj ects pedaled at 6 0 , 8 0 , 1 0 0 , and 12 0 
revolutions per minute on the Monark b icycle ergometer for 
the four bicycle tests . The workload began at 9 0 0  kilo­
grams per minute and increased by 3 0 0 kilograms per minute 
every 2 minutes . Subj ects continued until  they could not 
maintain the des ired pedal ing rate . The treadmil l  test 
cons isted o f  subj ects running at 6 ,  6 . 5 ,  7 ,  and 7 . 5  miles 
per hour . The test was begun at 0% grade and increased by 
2 . 5% each minute until  the subj ect could no l onger 
continue . The treadmill test el ic ited higher maximum 
oxygen uptake values versus the bicycle ergometer values 
( 6 3 . 2 8 + 1 . 7 2 mil i il iters per kilogram per minute and 58.7 
± 1 . 8 3 mil l il iters per kilogram per minute , respectively ) .  
The speed o f  the treadmi ll appears to have l ittle e f fect on 
vo2max when increas ing grade is used as a l oading ef fect 
since there was no signi ficant di fference in values 
obta ined from the four di fferent treadmil l  speeds . On the 
bicycle ergometer significant differences were only found 
between pedal ing rates of 6 0  revolutions per minute and 80 
revolutions per minute and 80 revolutions per minute and 
12 0 revolutions per minute . 
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All o f  the l iterature reviewed in thi s  section 
revealed s ign i ficantly higher vo2max values from treadmi l l  
tests compared t o  bicycle ergometer tests . I s  the treadmil l 
a better mode to use for determination o f  maximum oxygen 
uptake than the b icycl e  ergometer? Both the treadmil l  and 
bicycle ergometer have advantages and disadvantages . Some 
advantages of the bicycle are it is inexpens ive , portabl e , 
and eas ily cal ibrated . Whereas , the treadmi l l  is expen­
s ive , not portable , and is more dif ficult to cal ibrate 
( Krahenbuhl , Skinner , & Kohrt , 19 8 5 ) . The b ike has the 
advantage o f  the subj ects ' head being held reasonably sti l l  
s o  direct breath analyzers can b e  used eas ily and not 
affect the test . On the treadmil l , the hoses connect the 
mouthp iece valves to the analyzers and this  can possib ly 
l imit the natural upper body movement ( Ca�dus , 1 9 7 8 ) . The 
treadmi l l  uses a larger muscle mass , whereas , the bicycle 
ergometer uses a smal l er muscle mass which can cause l ocal 
fatigue and end the test before reaching vo2max . The 
bicycle ergometer is di fficult for children to use s ince 
they need to ma intain cadende for proper workl oad . 
However , the treadmil l  is suited for chi ldren with no 
mod i fications ( Krahenbuhl et a l . ( 19 8 5 ) . Al so , Shephard · 
( 19 8 4 )  pointed out that the treadmi l l  is used most o ften 
for vo2max testing , therefore , there are more norms to 
which the results can be compared . 
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Continuous and Discontinuous Testing 
To obtain an accurate measurement of vo2max a test 
that exerc i ses the subj ect to exhaustion is necessary . A 
number o f  d i fferent protocol s have been des igned to · do 
this . The two most common protocols are the continuous and 
discont inuous . A continuous protocol involves progressive­
ly increas ing workloads with no rest periods . A d i scon­
t inuous protocol al so involves progressively increas ing 
workloads but alternates rest periods and work periods . A 
number o f  studies have been completed examining continuous 
and discontinuous treadmill protocols . 
Us ing continuous and discontinuous protocols , 
Maksud and Coutts (1971) compared the maximum oxygen uptake 
of 20 mal es ages 17 to 3 0  years . The cont inuous test began 
with a 10 minute warmup at 3 . 5  miles per hour and 0% grade 
followed by a 5 minute rest . The test c·ontinued with the 
subj ects running at zero percent grade and seven miles per 
hour . The grade was increased by 2. 5% each minute until 
exhaustion . The discontinuous test also ut i l i z ed a 10 
minute warmup at 3 . 5  miles per hour , but with 10% grade . 
Foll owing a short rest , subj ects ran at one o f  s ix grades 
(2. 5%, 5%, 7. 5%, 10%, 12. 5%, and 15%) which were randomly 
ass igned .  The speed o f  the treadmil l was ma inta ined at 
seven miles per hour and the subj ect worked for three 
minute periods . . The remaining workl oads were completed on 
succeeding days until  a di fference of less than 150 cub ic 
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cent imeters per minute in vo2max were found between 
consecutive treadmil �  grade increases . The cont inuous 
protocol produced a mean vo2max of 55 . 6  + 7 . 7  mil l il iters 
per kilogram per minute and the discontinuous protocol 
produced a mean V02max of _55 . 2 + 6 . 8  mil l il iters per 
kilogram per minute . The difference was not s igni ficant . 
No s igni ficant di fference in vo2max from continuous and 
discontinuous protocols was also found by McArdl e ,  Katch , 
and Pechar ( 19 7 3 ) . Fi fteen male col lege students were the 
subj ects who performed six test protocol s .  The first test 
was a cont inuous bicycle test . Subj ects pedal ed at 6 0  
revolutions per minute with a n  increase o f  1 8 0  kilograms 
per minute every two minutes until subj ects • pedal rate 
dropped below 4 7  to 50 revolutions per minute . On the 
discontinuous b icycl e  test subj ects pedaled at 6 0  revo lu­
tions per minute with 2 kilograms of  res istance for a 5 
minute warmup followed by a 10  minute rest . The res istance 
was increased to three kilograms for the next f ive minute 
workload and thereafter was increased a hal t  a kilogram for 
each workload . The test was terminated when the subj ect . 
was unable to continue . The continuous Balke treadmi l l  
test was carried out at a constant speed o f  3 . 4  mil�s pe� 
hour and began at 0%  grade . The grade was increased by one 
percent each minute until  the subj ect could not cont inue . 
The Mitche l l , Sproule ,  and Chapman ( 19 57 ) discont inuous 
tre·admi l l  test was also uti l i z ed and has been described 
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previously in this review . Another continuous treadmil l  
test cons isted o f  the subj ect running a t  a constant speed 
o f  six mi les per hour and a starting grade o f  z ero percent 
for two minutes . The grade was increased 2 . 5 % every 2 
minutes unti l  the subj ect could no longer cont inue . 
Another discontinuous treadmill test consi sted o f  running 
at 6 miles per hour at 2 . 5% grade for 5 minutes as a 
warmup . Five minute work stages , 2 . 5 % higher than the 
prev ious one were alternated with 10 minute rest intervals 
until  the subj ect could no longer continue . The vo2max 
values obtained were as fol�ows : discontinuous bicycle 
test - 5 0  ± 6 . 9  mil l i l iters per kilogram per minute ; 
cont inuous b icycle test - 4 9 . 9  ± 7 mi l l i l iters per ki l ogram 
per minute ; Mitchel l ,  Sproule ,  and Chapman test - 5 6 . 6  ± 
7 . 3  mi l l il iters per kil ogram per minute ; Balke test - 5 3 . 7  
± 7 . 5  mi l l i l iters per kil ogram per minute ; discont inuous 
treadmill  test - 56 . 6  ± 7 . 6  mil l il iters per kil ogram per 
minute ; and continuous treadmil l  test - 5 5 . 5  ± 6 . 8  
mil l il iters per kil ogram per minute . The bi�ycle ergometer 
vo2max values were s igni ficantly lower than the treadmi l l  
values . No s ign i ficant dif ferences were found between the 
discontinuous treadmil l  test , the continuous treadmil l  
tests , and the Mitchell , Sproule ,  and Chapman test . 
In 1 9 7 8 , Fardy and Hellerste in also studied vo2max 
e l icited from di scontinuous and cont inuous treadmi l l  
pro·tocols . Twelve mal e  subj ects ( 4 2. 3 ± 9 .  9 years ) were 
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tested three t imes with the order of the tests randomly 
ass igned . The first test was for famil iari z ati on . For 
the continuous protocol , subj ects walked at two miles per 
hour and zero percent grade the grade was increased every 
three minutes as  fol lows : 3 . 5% ,  7 % , 10 . 5 % ,  1 4 % , 1 7 . 5 % ,  
12 . 5% ,  1 5 % , 17 . 5% ,  and 2 0% . The speed rema ined at two 
miles per hour until  the seventh three minute stage when it 
was increased to three miles per hour . The discontinuous 
protocol fol l owed the same procedure as the continuous 
protocol with the inclusion of a three minute rest between 
each stage . The continuous test produced a mean vo2max of  
4 0 . 7  mil l il iters per kilogram per minute and the 
discontinuous test 3 9 . 5  mil l il iters per kil ogram per 
minute . The dif ferences was not signi ficant . 
Confl ict ing results were reported by , Froel icher , 
Brammel , Davis , Noguera , stewart , and Lancaster ( 1 9 7 4 ) who 
did find a s igni f icant difference between discont inuous and 
continuous protocols . The subj ects were 15  mal es with a 
mean age o f  3 2 years . The subj ects performed the Bruce 
protocol , the Balke protocol , and a modi fied Taylor 
protocol three times each over a nine week period . The 
continuous Bruce protocol has been described previously in 
this review . Al so continuous in nature , th� Ba lke 
protocol cons isted of a constant speed of 3 . 3  miles per
 
hour beginning at 1% grade . The grade was increased
 one 
percent every minute until exhaustion . · The mod
i f ied Tayl or 
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protocol cons isted of  a speed o f  seven miles per hour 
beginning at a grade of zero percent . The grade was 
increased every 3 minutes by 2 . 5 % unti l  subj ect could not 
continue . A f ive minute rest period fol l owed each 
workload . The mean vo2max values were 4 4 . 3  + 5 . 9 · 
mil l il iters per kilogram per minute for the Bruce protocol , 
4 2 . 8  + 5 . 2 mil l i l iters per kilogram per minute for the . 
Balke protocol , and 4 7 . 4  ± 6 . 1  mill il iters per kilogram per 
minute for the Tayl or protocol . The Taylor p rotocol , wh ich 
was discontinuous , el icited signi ficantly higher vo2max 
values than either the Bruce or Balke protocols which are 
cont inuous . A plateau was demonstrated in 3 3 %  o f  the 
Taylor protocol tests while only 1 7 %  on the Balke protocol 
and 7 %  on the Bruce protocol . 
Maximum Oxygen Uptake in Children 
As has been i�enti fied in the previous sections 
vo2max can be measured in a variety of ways in adults but 
many questions have been ra ised about the rel iab i l- ity of 
measuring vo2.max in chi ldren . Measuring vo2max in chi ldren 
is more d i f ficult than in adults because of the un­
fami l iarity of children with maximal efforts . Ident i f ica­
tion of a plateau in vo2 with increasing workl oads has been 
the criteria for vo2max in many studies . The ev idence of a 
plateau has been seen less in children than in adults 
( Paterson , cunningham , & Donner , 19 8 1 ) . Many factors can 
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account for the failure to attain a plateau i ncluding l ack 
o f  e ffort by the child , poor definition o f  the appropriate 
criteria for a plateau or poss ibly another factor not yet 
ident i f ied . Despite these problems a number o f  studies 
have been carried out examining vo2max in chi l dren . 
The b icycle ergometer was the mode o f  exercise used by 
Wilmore and S igerseth ( 19 67 ) to determine i f  any phys iolog­
ica l  dif ferences exist among girl s ages 7 to 13 years based 
on their maximum oxygen uptake values . Three test ing 
sessions were conducted with the first one used as a 
famil iariz ation . During the last two sess ions , a work 
capac ity test on a bicycle ergometer was performed . The 
test cons isted of a starting workload of o kilogram meters 
per minute per min and pedal ing rate of 50 revolutions per 
minute with 1 5 0  kil ogram meters per minute increases in 
workloads every minute until  exhaust ion . The mean vo2max 
values for the 7 to 9 year old subj e�ts was 5 3 . 5  ± 6 . 5  
mil l i l iters per kil ogram per minute ; 10 to 1 1  year old 
subj ects 5 0 . 7  ± · 5 . 9  mi l l i l iters per kil ogram per . minute ; 
and 12 to 1 3  year old subj ects 4 8 � 7  + 8 . 7  mil l il iters per 
kilogram per minute . When V02max was expressed in l iters 
per minute it was inversely related to age and independent 
of  work capacity . As girl s reach puberty thei r  body we ight · 
and l ean body mass ratio decreases and the authors suggest 
that this could cause lower vo2max in mil l i l iters per 
kilogram per minute in the older girl s . 
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Nagle , Hagberg , and Kamei ( 19 7 7 ) also used the 
bicycle ergometer along with the treadmill to determine 
V02max o f  girls as wel l  as boys . The subj ects were 12 0 
boys and 12 0 girls 14 to 17 years of  age . Subj ects 
completed a 5 minute ride on the bicycle ergometer at 
submaximal workloads of 4 5 0  kilogram meters per minute for 
girls and 6 0 0  kilogram meters per minute for boys . In ·the 
fi fth minute , heart rates were taken for 1 5  seconds and 
used in the Astrand-Rhyming Nomogram to predict vo2max . 
The treadmil l  protocol cons isted of  a constant speed of  
five , s ix ,  or  seven miles per hour . The speed was 
establ ished from the predicted vo2max on the submaximal 
bicycle ergometer ride . Grade was increased by two percent 
every minute with girls starting at zero percent and boys 
at two percent . This procedure continued unt il the subj ect 
was exhausted . The mean vo2max for the girls was 4 0 . 8  ± 
4 . 0  mil l il iters per kil ogram per minu�e and for the boys 
was 54 . 7  ± 5 . 6  mi l l il iters per kilogram per minute . This 
dif ference was s igni ficant . 
Gil l iam ,  Katch , Thorland , and Weltman ( 1 9 7 7 ) used a 
bike ergometer to measure vo2max in 4 7  boys and girls . 
They also examined cardiovascul ar risk factors in th� 7 to 
12 year old children by doing a complete medical and 
phys ical evaluat ion . A blood sample was taken for deter­
mination of serum cholesterol , triglycerides , and b l ood 
l ipids . Each child participated in hydrostat ic we i
ghing to 
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assess percent body fat and l ean body mass . A bicycl e  
ergometer test was completed t o  determine peak vo2 . The 
test started at zero load and every three minutes was 
increased one-hal f kil opond with the pedal ing rate ma in­
tained at 60 revolutions per minute . The subj ects con­
tinued unti l  exhaustion . During each minute o f  the test 
oxygen uptake was measured by the open circui t  spirometry 
method . The 7 to 8 year old subj ects had a mean peak vo2 
of 3 4 . 4  mil l i l iters per ki logram per minute , the 9 to 1 0  
year olds 3 8 . 2 mil l i l iters per kilogram per minute , and the 
11 to 12 year olds 4 3 . 3  mil l i l iters per kil ogram per 
minute . Eleven percent of the children were class i fied as 
having low work capacities . Nineteen percent o f  the 
children were greater than 2 0%  body fat and 1 0 . 6 %  were 
greater than 2 5 %  body fat . Elevated chol estero l leve l s  ( >  
2 00mg percentj l O Omil l i l iters ) were observed in 1 0 . 5 % o f  the 
children and elevated triglycerides ( ?  10 0mg 
percent/ 1 0 0mi l l il iters ) were found in 1 8 %  o f  the children . 
Twenty- five percent of the chi ldren had a fami l y . history of  
cardiovascular disease . 
Krahenbuhl , Pangraz i ,  Petersen , Burkett , and 
Schne ider ( 19 7 8 )  examined the relationship between vo2max 
values obtained from a treadmill test and timed d istance 
runs of  8 0 0 , 12 00 , and 1 6 0 0  meters . The purpose wa s to 
determine the val idity of us ing the runs to predict 
cardiorespiratory fitness . Subj ects were 6 9  mal e  and 48 
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female f irst , second � and third grade chi ldren . The order 
of the tests was randomly assigned to the subj ects and they 
completed one run each week . The treadmil l  test consi sted 
of a speed set at 1 15 meters per minute with the grade at 
0% for the f irst four minutes . The grade was increased by 
two percent every minute thereafter until  subj ect was 
unable to cont inue . The 1 6 0 0  meter run was the best 
predictor of vo2max . The mean vo2max for mal es was 4 5 . 2 ± 
6 . 4  mil l i l iters per kilogram per minute and for females was 
4 1 . 2 ± 6 . 5  mil l il iters per kilogram per minute . The 
difference was s igni ficant . ·- Plateaus were observed in 7 1% 
of  the ma les and 7 0 . 8 % of the females . 
Plateaus were not observed at such a high per-
centage when cunningham , VanWaterschoot , Paterson , Le fcoe , 
_and Sangel ( 19 7 7 ) attempted to . determine i f  a true pl ateau 
could be attained in young boys . The subj ects were 1 0  year 
old hockey players ( n=6 6 ) . The boys �ere tested during 
midseason ( T 1 )  and postseason ( T2 ) .  The treadm i l l  test was 
begun at a speed of  4 . 1  mi les per hour and 0 %  gr�de . The 
grade was increased by 2 . 5 % every 2 minutes unt i l  
exhaustion . After testing the subj ects were grouped 
according to whether or not a plateau in V02 had been 
atta ined . The groups were : no plateau , plateau in T l  or 
T2 , and plateau in Tl and T2 . It was observed that only 
3 8 %  of the subj ects reached a plateau . There were no 
s igni ficant d i f ferences in any of the groups ' mean V02max 
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values at e ither testing t ime . This reflects that the 
attainment o f  a plateau in boys of this age i s  not neces-
sary for establ ishment of  vo2max . 
The subj ects uti l i zed by Skinner , Bar-or , Bergstei -
nova , Bel l , Royer , and Buskirk ( 19 7 1 )  were 8 3  boys and 6 1  
girls ages 6 to 1 5  years . Each subj ect was randomly 
assigned to perform one of  the three treadm i l l  tests for 
el icitation of vo2max . All tests included a three minute 
warmup at 7 . 5 % grade and 3 . 5 mi les per hour . Test A was 
begun at 1 0 %  grade and 3 . 5  mi les per hour . There was a 
2 . 5% increase in grade every 2 minutes unti l  exhaustion . 
Test B was the same as Test A except grade increased 2 . 5 % 
every 3 minutes instead of  every 2 minutes . Test c 
cons isted of  the subj ects walking for 4 minutes at 15% 
grade and 3 . 5  mil es per hour then rest fol l owed by a rest 
for 10 minutes . Every 4 minutes the grade was increased by 
2 . 5% with speed maintained at 3 . 5  mi�es per hour until 
exhaustion . The girls ' vo2max values were : Test A - 4 3 . 0  
± 6 . 9  mil l i l iters per kilogram per minute ; Test � - 4 5 . 7  ± 
5 . 1 mil l i l iters per kilogram per minute ; and Test c - 4 4 . 8  
± 6 . 2 mil l i l iters per kilogram per minute . The boys ' 
vo2max values wer� : Test A - 5 1 . 6  + 7 . 0  mil l i l iters per 
kil ogram per minute ; Test B - 50 . 0  ± 5 . 5  mi l l i l iters per 
kilogram per minute ; and Test C - 5 3 . 0  ± 4 . 3  m i l l i l iters 
per kilogram per minute . Four age groups were establ i shed 
between 6 and 1 5  years and simi lar V02max _ values were found 
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in all  groups for �he 3 tests . From the data , the authors 
identi fied that a speed of 3 . 4  mil es per hour requ i res 6 to 
8 year old chi ldren to walk inefficiently and suggest that 
possibly a 3 miles per hour speed would be better . 
Paterson , Cunningham , and Donner ( 19 8 1 )  were a lso 
concerned about the speed of the treadm i l l  when studying 
V02max in 8 boys 1 0  to 12 years old . They examined at 
attainment of  a plateau in oxygen uptake using three 
different treadmil l  speeds . Each subj ect compl eted nine 
maximal tests , three for each protocol .  Al l protocols were 
continuous with an initial grade of 0%  and increases o f  
2 . 5% every 2 minutes , but us ing di fferent speeds . The 
treadmill  speeds were 3 . 4  mi les per hour walking , 4 . 1  miles 
per hour j ogging , and 4 . 9  miles per hour running . The 
results revealed the walking test el icited a mean V02max o f  
55 . 5  + 5 . 0  mil l i l iters per kilogram per minute , the j ogging 
test a mean of 5 7 . 9  ± 4 . 4  mil l il iters . per kilogram per 
minute , and the running test a mean of 59 . 5  ± 5 . 4  
mil l i l iters per kil ogram per minute . The d i f ferences were 
only s igni f icant between the walk and run protocol s . 
Maximal values were not el icited during the wal k  test , 
there fore , it may not be appropriate to use it to measure 
vo2max in children . In nine walking tests , f ive j ogging 
tests ,  and seven running tests plateaus in oxygen uptake 
were atta ined . The authors suggest that a discontinuous 
test may be more rel iable than a continuous test in 
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determining maximum oxygen uptake in children s ince a 
plateau is apparent in a greater proport ion o f  subj ects 
us ing a discontinuous protocol .  They did indicate that the 
h ighest vo2 measured (peak vo2 ) using the j ogging or 
running protocol was as consistent as the vo2max measure­
ment observed in adult groups . It appears that the 
motivation of young boys for maximal exercise is stable and 
vo2max can be assumed without need for a pl ateau in oxygen 
consumption . 
Interest in the criteria for the ach ievement o f  
vo2max lead Sheehan , Rowland , and Burke ( 1 9 7 8 ) to uti l i z e . 
four d i f ferent treadmi ll protocols for e l ic itation of  
vo2max in  1 6  boys ages 10  to  12 years . They were tested on 
the treadmi l l  on four different occas ions with 7 to 10 days 
between tests . The continuous walking test involved 
subj ects walking at three miles per hour . and s ix percent 
grade . Grade was increased two perc�nt every three minutes 
and speed remained constant . For the cont inuous runn ing 
protocol ,  speed was constant . at five mi les per hpur and 
grade started at zero percent . Grade was increased two 
percent every three minutes . In the intermittent running 
test , subj ects rari at a constant speed o f  f ive miles per 
hour at two percent grade with a two percent grade increase 
every three minutes . The subj ects walked at 2 . 5  mi les per 
hour for the 3 minute rest period . The cont inuous runn ing 
while holding handrails  protocol cons isted o f . a constant 
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speed f ive miles per hour and four percent grade with a 
grade increase o f  two percent every minutes . The three 
running tests el icited significantly higher vo2max values 
compared with the continuous walking protocol ,  but did not 
di ffer s igni ficantly from each other . A p lateau in vo2 was 
obta ined more often in the running protocol s  with the 
intermittent running protocol having 6 9 %  of the subj ects 
reaching a plateau compared to 56%  of the subj ects in the 
continuous test . The mean vo2max values were : cont inuous 
walk - 4 3 . 1  ± 6 . 1 mil l i l iters per ki l ogram per minute ; 
continuous run - 4 7 . 8  ± 4 . 2 mi l l i l iters per kilogram per 
minute ; intermittent run - 4 8 . 8  ± 5 . 0  mi l l il iters per 
kilogram per minute ; and the handra il  run - 4 6 . 7  4 . 3  
mi l l i l iters per ki logram per minute . The d i f ferences were · 
not s ign i ficant . 
Ferrar ( 19 8 5 )  found a significant difference 
between vo2max values el icited from continuous and di scon­
tinuous treadmi l l  protocols in the lab where the present 
study was compl eted . Thirteen females with a m�an age of 
8 . 8 8 ± . 8 2 years were tested on both a cont inuous and 
discontinuous treadmi l l  protocol . The cont inuous test 
uti l i z ed a constant speed of 4 . 1  miles per hour and began 
with a grade of o% with a 2 . 5 % increase every 3 minutes 
until  exhaust ion . The discontinuous test also ut i l i z ed · a 
constant speed of  4 . 1  mi les per hour and began at 0% grade . 
A five minute rest period fol lowed each three minute 
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workload . The grade was increased by 2 . 5 % every 3 minutes . 
Thi s  was continued until subj ect was exhausted or a plateau 
( 2 . 1  mil l il iters per kilogram per minute increase in vo2 or 
l ess ) between consecutive workloads was atta ined . The mean 
V02max for the continuous protocol was 4 7 . 4 9 + 5 . 7 4 
mil l il iters per kilogram per minute and for the 
discontinuous protocol was 51 . 7 6 ± 6 . 2 2  mi l l il iters per· 
ki logram per minute . The difference was sign i f icant . 
Plateaus in vo2 were observed in only 2 of  the 1 3  during 
the continuous test , whereas ,  1 1  of the 13  subj ects reached 
a plateau during the discontinuous test . The current study 
is a repl ication of  this study since there was a constant 
error built into the metabol ic measurement system result ing 
in inflated vo2max values and reduced resp iratory exchange 
ratios . 
summary 
Maximal oxygen uptake or vo2max is atta ined when 
two consecut ive measurements separated by a 2 . 5 % �rade 
increase differ by 2 . 1  mil l il iters per kil ogram per •inute 
or less are observed (Taylor et al . 19 5 5 ) . Both cardiac 
output and A-vo2 difference l imit V02max with card iac 
output probably being the most important . It was found 
that after maximum heart rate is attained it appears oxygen 
uptake continues to rise . The prediction of  V02max from 
maximum heart rates can therefore underest imate V02max 
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(Mitchell  et al . 1 9 57 ) . The t ime for estab l i shment of  a 
plateau in  vo2 depends on the workload . For l ighter 
exercise the workload should last at l east f ive minutes 
whi l e  heavier exerc ise could result in maximum values a fter 
one mipute o f  exercise (Astrand & Saltin 19 6 1 ) . 
The bicycle ergometer and the treadmill  have been 
util ized most extens ively when measuring vo2max . Cons is­
tently , vo2max obtained from treadmill  tests are h igher 
than those obtained from the bicycl e  ergometer tests 
( Glass ford et al . ,  1 9 6 4 ; Hermansen & Saltin , 1 9 6 9 ; McArdle 
& Magel , 19 7 0 ; Miyamura & HOnda , 197 2 ; McKay & Ban ister , 
1 9 7 6 ; Keren et al . ,  19 8 0 ) . 
The two ma in categories of  protocol s  used for 
el icitation of  vo2max are cont inuous or discontinuous . The 
Froel icher et al . ( 19 7 4 ) study. was the only one rev iewed 
that found s ign i ficant d i fferences in vo2 max values 
obtained from a continuous and discontinuous protocols 
us ing adults . When us ing children as subj ects , Ferrar 
( 19 8 5 )  found s igni ficantly higher V02max va lues from the 
discontinuous compared to the continuous test . Ferrar 
( 19 8 5 )  was the only study reviewed that used young girls as 
subj ects . 
The criteria for attaining maximal oxygen tiptake is 
a plateau in vo2 with increasing workl oads i s  seen l ess in 
chi ldren than in adults . Cunningham et al . ( 19 7 7 ) had only 
3 8 %  of  his subj ect atta in plateaus . Paterson et al . ( 1 9 8 1 )  
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felt that the d iscontinuous test was better for atta ining a 
plateau in vo2 , but also felt it may be unrea l istic for 
children to attain a plateau . This was in agreement with 
Ferrar ( 19 8 5 )  s ince only 2 of  the 13  subj ects on the 
cont inuous atta ined a plateau and 11 of the 1 3  subj ects on 
the discontinuous attained a plateau . 
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CHAPTER I I I  
METHODS AN D  PROCEDURES 
I n formation regarding the subj ects , fac i l it ies , 
equipment , testing procedures and the statistical analyses 
are presented in thi s  chapter . · 
Subj ects 
The subj ects were 14 prepubescent females ages 8 ,  9, or 
10 years from Colman , South - Dakota . The subj ects were 
recruited by the researcher to take part in a study that 
compared vo2max values e l icited from continuous and 
discontinuous treadmil l  protocols . The researcher taught 
in the Colman School during the previous two years and had 
the subj ects in her phys ical education classes . The 
researcher went to the Colman School and asked for volun-
teers to participate _ in the study . A meet ing was held with 
the parents o f  the subj ects b� fore the test i�g b�gan to 
explain procedures , s ign the informed consent form ( Appen­
dix A ) , set up testing times , and make transportation 
arrangements . The mean weight of the subj ects was 3 0 . 6  ± 
4 . 7  kilograms with a range of 2 3 . 2 to 4 1 . 5  kilogra�s . .The 
mean height was 1 3 4 . 2 ± 4 . 8  centimeters with a range o f  
12 1 . 0 t o  14 2 . 0  centimeters . The mean age of the subj ects 
was 8 . 9  + . 4 4 years with a range of 8 . 3  to 1 0 . 0  years . 
These descriptive statistics are presented in Table 1 .  
Facil ities 
The Human Performance Lab , located in the Stanl ey 
J. Marshal l  Health , Phys ical Education , and Recreat ion 
Center at South Dakota State Univers ity , was the s ite o f  
a l l  the test ing for the e l icitation of  maximum oxygen 
uptake . The air temperature in the lab was mainta ined at a 
constant 2 1 degrees Centigrade . The barometric pressure 
ranged from 7 0 7  to 7 2 5 mill imeters of mercury . The 
relative humidity ranged from 3 8 % to 5 0 % . These variat ions 
were taken into account for al l calculations of vo2max and 
should not have a ffected the results of  this study . 
Equipment 
Al l testing was completed on a motor-driven 
treadmil l  with maximal oxygen uptake determined us ing the 
open circuit method . The treadmil l  was a Quinton Q65  
treadmil l  with a 6 4 5  controller which fac i l itated the pre­
programming of testing protocols . A Hans-Rudolph two-way 
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Var iable 
Weight ( kg )  
Height (em) 
Age ( years ) 
TABLE 1 
Descriptive Statistics of Subj ects 
Mean 
3 0 . 6 
1 3 4 . 2 
8 . 9  
Standard Deviation Range 
4 . 7  2 3 . 2 - 4 1 . 5 . 
4 . 8  12 1 . 0 - 14 2 . 0  
. 4 4 8 � 3  - 10 . 0  
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valve model 2 7 0 0  with a headgear support and mouthpiece was 
used to facil itate exp ired gas collect ion � A spring-type 
nose cl ip was used to ensure respiration through the valve 
system . I nsp ired a ir was measured by a Rayfield RAM-9 2 0 0 
a ir flow meter . Exp ired air passed through a Phys ic-Dyne 
Instruments seven l iter mixing chamber with samples drawn 
through oxygen and carbon dioxide analyzers at a flow rate 
of 500  mil l il iters per minute . An Amatek CD- 3 A  carbon 
dioxide analyz er and an Amatek S-3A oxygen analyzer were 
used for determination of the composition o f  the expired 
air . The barometric pressure was measured on a Nova 
barometer made by Prince of Southampton , Pennsylvania and 
the temperature was read from the thermometer on this same 
instrument . The relative humidity was determined from a 
sl ing psychrometer from Bacharach of Pittsburgh , 
Pennsylvania . The analyzers were cal ibrated be fore and 
after each test with known concentrations of gas cert i fied 
by Scotts Spec ialty Gases , Toledo , Ohio . Four e lectrodes 
were placed on the subj ects be fore each test us ing standard 
exercise l imb l ead locations . Heart rates were monitored 
on lead I I I  us ing a Marquette Electronics ECG Monitor , 
Series 4 0 0 0 . Al l metabol ic measurement data were reduced 
us ing the Rayf ield Data Acquis ition System ( RE P  2 0 0 -C ) on a 
Appl e  II+ micro computer . As this system rece ives constant 
input from the gas meter , and the oxygen and carbon dioxide 
anaiyz ers dur ing the testing calculations of a l l  metabol ic 
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measurement variables occur on an on-going basis . The 
fixed variables o f  barometric pressure , temperature , and 
rel at ive humidity were entered into the computer prior to 
each test . 
Testing Procedures 
Famil iari zation Sess ion 
Prior to testing the temperature ( degrees Cen-
tigrade ) , barometric pressure (mi l l imeters of mercury ) , and 
relative humidity ( percent ) were determined and recorded 
and the oxygen and carbon dioxide analyz ers were cal ibra-
ted . The two-way valve , mo�thpiece , and nose cl ip were 
steri l iz ed prior to each test . 
When the subj ect arrived her weight and age were 
recorded . The testing procedures were carefu l ly expla ined 
and the subj ect was given the opportun ity to ask any 
questions . The subj ect had a chance to wa lk on the 
treadmil l  for a several minutes in order to become ac-
qba inted with the task before testing . 
Heart rate was monitored . us ing standard l imb lead 
exercise el ectrode locations . The arm electrodes were 
placed in the infraclavicular fossa and the l eg electrodes 
at the level of  the il iac crest on the mid-cl avicular l ine . 
Each s ite was first wiped with rubb ing alcohol and l ightly 
abraged with f ine sand paper prior to electrode placement . 
When ready the subj ect stepped onto the treadm i l l  
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with her feet to the · s ide o f  the belt . The mouthpiece , 
two-way valve , headgear , and nose cl ip were p laced on the 
subj ect and adj usted . The treadmil l  belt was started at 
1 . 3  mil es per hour . Holding onto the rai l s  the subj ect 
stepped onto the belt . When she could wal k  norma l ly and 
remove her hands from the ra ils the test was initiated by 
press ing the " start exerc ise" button on the treadmil l  .. 
control ler . 
The famil iari zation test ut i l i z ed the same protocol 
as the cont inuous test wh ich employed a constant speed of 
4 . 5  mi l es per hour and was begun at 0% grade . The test 
proceeded with a 2 . 5 % grade increase every 2 minutes unt il 
the subj ect indicated she could continue no l onger . 
Throughout the test the metabol ic variables o f  vo2max in 
l iters per minute and mil l i l iters per kil ogram per minute , 
minute vent i l ation ,· resp iratory exchange ratio , ana heart 
rate were cal culated and recorded ev�ry 6 0  seconds . When 
the subj ect f inished the test the mouthp iece , two-way 
valve , headgear ; and nose cl ip were removed . Th� subj ect 
walked on the treadmi l l  for several minutes to cool down 
after the testing . Electrodes were removed a fter the cool 
down . 
Dur ing al l testing at least two invest igators were 
always present . One invest igator weighed the subj ect , 
placed electrodes , mouthp iece , two-way valve , headgear , and 
nose c l ip on the subj ect prior to the start o f  the test ing . 
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During the test this investigator stood bes ide the tread-
mill and was respons ible for monitoring the subj ect ' s  
progress and encouraging her . The other invest igator was 
respons ible for monitoring the equipment and recording data 
from the computer . 
Continuous and Discontinuous Testing Sess ions 
The continuous sess ion fol l owed exactly the same 
procedures as the famil iarization sess ion . The discon-
tinuous sess ion was s imilar
_
to the continuous sess ion us ing 
the · same speed and the same grade changes , but was d i f­
ferent in regards to test duration . During the di scon­
t inuous test each workload ( change in grade ) was three 
minutes in duration and was fol lowed by a f ive minute rest 
period . The workloads were continued unti l  a p l ateau was 
reached or the subj ect indicated she was no l onger able to 
continue . In order to control for a learning e ffect the 
order o f  the tests was randomly ass igned . 
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Statis ical Analyses 
A correlated groups t-test was uti l i z ed for the 
determination of  s igni ficant di fferences between vo2max 
( l iters per minute and mil l i l iters per kilogram per 
minute ) , resp iratory exchange ratio , and minute ventilation 
on the cont inuous and discontinuous protocol s . No analys is 
was carried out on the heart rate data as the qual ity o f  
the recording was not cons istent enough t o  ensure accurate 
readings at all  times . The statistical analyses were 
carried out foll owing the formulae presented in Stat ist ics 
for the Behavioral Sciences (pages 2 0 3 -2 0 4 , Jaccard , 1 9 8 3 ) . 
The . 0 5 level of  s igni ficance was used . The independent 
variable was the protocol ( continuous or discont inuous ) 
while vo2max , RER , · and VE were the dependent variabl es . 
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CHAPTER IV 
RESULTS AND DISCUSSION 
The information presented in thi s  chapter are the 
results o f  continuous and discontinuous treadm i l l  protocols 
used for e l icitat ion of  maximal oxygen uptake in prepubes­
cent fema l es . A discuss ion of the results wil l  fol l ow . 
Results 
-
Table 2 contains the means , standard deviations , 
and standard errors of the means for maximum oxygen uptake 
( l iters per minute and mil l i l iters per kil ograms per 
minute ) , respiratory exchange ratio (RER ) , and minute 
vent i l ation ( VE )  for the continuous and discont inuous 
treadmil l  protocols . 
Maximum oxygen uptake was expressed in both l iters 
per minute ( l iters per minute ) and mil l i l iters per kil ogram 
per minute (mi l � i l iters per kilograms per minute) . · It is 
most appropriate to use the units ' of  l iters per minute when 
making intra individual comparisons and to use the units of  
mil l i l iters per ki lograms per minute when making interin­
dividua l  comparisons . The primary purpose o f  th is  study 
was to look at changes within individual s  and there fore 
more emphas is  wil l be placed on the measure in l iters per 
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minute . S ince the weight of  the subj ects was not di fferent 
for the two tests the results are the same for both units . 
On the continuous protocol a mean vo2max o f  1 . 2 3 l iters per 
minute was determined with a standard deviation o f  . 1 6 .  On 
the discontinuous protocol a mean vo2max of 1 . 4 3 l iters per 
minute was determined with a standard dev iation o f  . 2 0 .  A 
s igni ficant d i fference at the . 0 5 level was found between 
the two protocols . When expressed in mi l l il iters per 
kil ograms per minute the continuous protocol mean vo2max 
was 4 0 . 7  with a standard deviation of 5 . 4 2 . on the 
discontinuous test the mean- vo2max was 4 7 . 3  mi l l i l iters per 
kilogram per minute and a standard deviation of 7 . 1 1 .  This 
di f ference was also significant at the . 0 5 l evel . This is 
shown in Tabl e  3 .  
The mean respiratory exchange ratio for the 
continuous protocol was . 9 9 with a standard deviation o f  
. 0 6 .  The mean respiratory exchange ratio for the di scon-
tinuous protocol was 1 . 0 1 with a standard deviat ion of . 0 6 .  
These results are presented i n  Table 2 . At the � a s level 
of s igni ficance no signi ficant difference in RER was found 
between the continuous and discontinuous protocol s us ing . a 
correl ated groups t-test as shown in Tabl e  3 .  
As shown in Table 2 the mean minute vent i l ation for · 
the continuous test was 3 6 . 0 1 l iters per minute with a 
standard deviat ion of 4 . 0  l iters per minute . On the 
discontinuous test the mean minute ventilation was 41. 1 
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l iters per minute and a standard deviation o f  6 . 0 6 l iters 
per minute . Tab l e  3 shows that at the . 05 l evel there was 
a s igni ficant di fferance in VE obtained from a continuous 
and discontinuous treadmil l  tests . 
Discuss ion 
The discont inuous treadmil l  protocol e l icited 
higher vo2max values than the continuous treadm i l l  protocol 
when ut il iz ing prepubescent females as subj ects in this 
study in both l iters per minute and mil l il iters per 
kilogram per minute . The present study found a mean vo2max 
of 1 . 2 3 l iters per minute or 4 0 . 7  mil l i l iters per
.
ki l ogr-
ams per minute on the continuous protocol and 1 . 4 3 l iters 
per minute or 4 7 . 3  mi l l il iters per kil ograms per minute on 
the discontinuous - protocol . These dif ferences were s ig­
nificant . This  supports the findings of
.
Ferrar ( 1 � 8 5 ) who 
also found a s igni f icant difference in vo2max values 6 f  
prepubescent females obta ined from cont inuou? and di scon-
tinuous protocols . Ferrar ( 19 8 5 )  reported mean vo2max of 
1 . 4 3 l iters per minute and 4 7 . 4 9 mil l i l iters per ki l
.
ograms 
per minute on the continuous test and 1 . 5 5 l iters per 
minute and 5 1 . 7 6  mil l i l iters per kilograms per minute on 
the di scontinuous test . Ferrar ( 198 5 )  reported that her 
vo2max values may be somewhat inflated due to · a constant 
error in the metabol ic measurement system . Th is could 
explain the di fferences in values between the present study 
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TABLE 2 
Results 
Variable Continuous Discontinuous 
vo2max ( 1/min) 
mean 1 . 2 3 1 . 4 3 
std . dev . . 1 6 . 2 0 
std . error of mean . 08 . 08 
vo2max (mljkgjmin ) 
mean 4 0 . 7 0 4 7 . 7 0 
std . dev . 5 . 4 2 7 . 1 1 
std . error of mean 2 . 8 0 2 . 8 0 
RER 
mean . 9 9 1 . 0 1 
std . dev . . 0 6 . 0 6 
std . error of mean . 0 8 . 0 8 
VE ( 1/min ) 
mean 3 6 . 0 1 4 1 . 1 0 . 
std . dev . 4 . 00 6 . 0 6 
std . error of mean 3 . 6 6 3 . 6 6 
TABLE 3 
Correlated Groups t-test 
Variabl e  
V02max ( 1/min ) 
V02max (mljkg/min ) 
RER 
VE 
df 
1 3  
1 3  
13  
1 3  
*S ign i f icant a t  the . 0 5 level . 
t value 
9 . 17 *  
8 . 8 2 * 
. 9 3 
5 . 19 *  
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and hers . Certainly both studies reflect that discon-
tinuous testing in prepubescent females e l icits higher 
vo2max values than continuous testing . 
Froel icher et al . ( 19 7 4 ) also reported results in 
agreement with the present study as they found that a 
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discontinuous protocol el icited s igni f icantly higher vo2max 
values than a continuous protocol .  However , Froel icher et 
al . ( 1 9 7 4 ) used adult males as subj ects . Three protocols 
were used to test the male adults with the Bal ke test ( a  
continuous protocol ) elic iting a mean vo2max o f  4 2 . 8  
mil l i l iters per kilograms per minute , the Bruce test ( a  
continuous protocol ) a mean vo2max o f  4 4 . 3  mi l l i l iters per 
kilograms per minute , and the discontinuous protocol o f  
Taylor a mean vo2max of 4 7 . 4  mi l l i l iters per kil ograms per 
minute . 
Even though Ferrar ( 198 5 )  and Froel icher et al . 
( 19 7 4 ) have found results s imilar to the present study that 
discont inuous protocols el icit significantl y  higher vo 2max 
values than continuous protocols there are a number of 
studies which do not support this ( Skinner et a l . ,  19 7 1 ; . 
Sheehan et a l . ,  1 9 8 7 ; Maksud & Coutts , 19 7 1 ; McArdl e  et 
al . ,  1 9 7 3 ; Fardy & Hel lerstein , 197 8 ) . Skinner et al . 
( 19 7 1 )  found no s igni ficant difference in V02max values 
from two cont inuous protocols and one discont inuous 
protocol .  The subj ects were boys and girl s ages 6 to 1 5 . 5  
years . S ince the present proj ect studied girls only the 
vo2max values for the girls wil l  be reviewed . The two 
continuous test produced mean vo2max values o f  4 3 . 0  
mil l il iters per kilograms per minute and 4 5 . 7  mil l il iters 
per kilograms per minute . The discontinuous test vo2max 
mean value was 4 4 . 8  millil iters per kilograms per minute . 
The present study examined girls ages 8 ,  9 ,  and 1 0  years 
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while Skinner e t  a l . ( 19 7 1 )  looked at a wider age range o f  
girls . The results of  Sheehan et al . ( 19 8 7 ) are a l so not 
in support of the present study ' s  findings . The e l icited 
mean vo2max values of 10 to 12 year old boys were 1 . 6 1 -
liters per minute and 4 3 . 1  mi l l il iters per kil ograms per 
minute on the continuous walk test , 1 . 8  l iters per minute 
and 4 7 . 7  mi l l il iters per kilograms per minute on the 
continuous run test , and 1 . 8 3 _ l iters per minute and 4 8 .7 
mil l il iters per kilograms per minute on the intermittent 
run test . Although there were no s igni ficant di fferences 
in vo2max found among the tests , the intermittent or  
discontinuous test did el ic it the highest value� . The 
differences between the present proj ect and that o f  
Sheehan ' s  e t  a l . ( 19 8 7 ) are that · boys ages 1 0  t o  12 years 
were used by Sheehan et al . ( 19 8 7 ) whi l e  prepubescent girls 
were uti l i zed in the present study . It is poss ib l e  that 
the response of boys and girl s in this age range are 
di fferent . 
The results · of  the present study a l s o  do not 
support the f indings of Maksud and Coutts ( 19 7 1 ) , McArdle 
et al . ( 19 7 3 ) , and Fardy and Hellerstein ( 19 7 8 ) who found 
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no s ign i ficant d i fferences in vo2max values obtained from 
continuous and discontinuous protocols . An e xp lanation for 
the difference in the results could be that adults were 
used as subj ects in the above studies and the present .. study 
uti l i z ed prepubescent girls . 
Norma l ly ,  to assure attainment of  vo2max a plateau 
or l evel ing o f f , of  vo2 with an increase in grade of  2 . 5 % 
needs to be observed . A 2 .-1 mil l i l iters per kilograms per 
minute or less increase in vo2 fol lowing an increase in the 
workload i s  the normal criteria for a plateau . On the 
continuous test in this study 8 of the 14 subj ects or 57 % 
atta ined a pl ateau according to the above criteria . Thi s  
finding was not expected and is i n  confl ict with a number 
of studies ( Froel icher et al . ,  1974 ; . Cunningham et al . ,  
·1977 ; Krahenbuhl et al . ,  1978 ; Paterson et al . ,  19 8 1 ;  
Ferrar , 1 9 8 5 ) . 
Froel icher et al . ( 19 7 4 ) found only 1 7 %  achiev-
ing a plateau on the Balke continuous test and 7% on the 
Bruce continuous test . Adult males were used as subj ects 
in the study as wel l  as d i fferent protocol s compared t-o the 
present study . These could be . the reasons for the con� 
flict ing results . 
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Cunningham e t  al . ( 19 7 7 ) observed a greater 
percentage of subj ects attaining plateaus in continuous 
tests than Froel icher et al . ( 19 74 ) , but not as great a 
percentage as the present study . Thirty-eight percent of  
the 6 6  boys who were 1 0  years old demonstrated the criteria 
for a plateau in vo2 • The present study used 8 ,  9 ,  and 10  
year girl s . Except for a faster speed in the present study 
( 4 . 5  mph versus 4 . 1  mph ) the protocols of  the two studies 
were the same . 
The results from Paterson et al . ( 19 8 1 )  are also in 
oppos ition with those of thl.s study . Pl ateaus were 
observed in 9 o f  2 4 continuous walk tests or 3 8 % , 5 o f  2 4 
continuous j og tests or 2 1% , and 7 of  2 4 run tests or 2 9 % . 
Al l of  these percentages were lower than the present study . · 
The protocols d i f fered in speed only as the grade and 
increases in grade were identical .  The walk ( 3 . 4  .m i l es per 
hour) and the j og ( 4 . 1  miles per hour) tests were s l ower 
than the present study and the run test ( 4 . 9  m i l es per 
hour ) was faste·r . The subj ects were also d i ffe�ent as 
Paterson et al . ( 19 8 1 )  used 10 to· 12 year old boys and the 
present study used 8 to 10  year old girls . Ferrar ( 19 8 5) 
reported 2 o f  13 · subj ects or 15% atta ining a plateau on the 
continuous test which is a much lower percentage than the 
present study . The reasons for this confl ict is unclear 
s ince the same protocol was used except for an increase of 
speed to 4 . 5  miles per hour instead 6f  4 . 1  mil es per hou� 
used by Ferrar ( 19 8 5 ) . O f  the four studies in  confl ict 
with the percentage of plateaus attained on a continuous 
test Krahenbuhl et al . ( 19 7 8 ) was the only one to f ind a 
h igher percentage o f  plateaus on a continuous test . A 
di fferent protocol was used compared to the present study 
and util i z ed 6 to 9 year old boys and girls as  subj ects . 
Krahenbuhl et al . ( 19 7 8 ) used a speed of  1 1 5  meters per 
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minute and 0 %  grade for 4 minutes then increased the grade 
by 2 . 5 % per minute while the speed remained constant . It 
was observed that 49 of  69  boys or 7 1% atta ined a plateau 
and 3 4  o f  4 8  girls or 7 1% attained a plateau . This is in . 
conflict with the present study as only 5 7 %  reached a 
plateau . Whi l e  these results appear to be somewhat higher 
than those o f  the present study they also re inforce the 
present study ' s  finding by showing that with young children 
it is pos s ib l e  to see a plateau in more than hal f  of the 
subj ects on a continuous test . 
In the present study the discontinuous protoco l 
el icited only 5 · plateaus of  the 14 subj ects or 3 6 % . This  
was clearly not expected and does not support the findings 
of Ferrar ( 19 8 5 ) who had 1 1  of 13 subj ects atta in a pl ateau 
on the discontinuous protocol .  It is uncl ear why this 
confl ict exists s ince the protocol s were the same except 
for a smal l  increase in speed ( 4 . 5  miles per hour) for the 
present study . Froel icher et al . ( 19 7 4 ) who used adults a s  
subj ects are also not in agreement with th is result .  It . 
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was observed by Froel icher et al . ( 19 7 4 ) that a greater 
percentage ( 3 3 % )  of the subj ects demonstrated a plateau 
during the discontinuous Taylor protocol ,  whereas ,  only 1 7 %  
during the continuous Balke test and 7 %  during the con­
tinuous Bruce test met the criteria for a plateau . 
The intermittent rcin produced the highest per­
centage of plateaus in the Sheehan et al . ( 19 8 7 ) study . · It 
was observed that 68 . 7 % ,  which was a greater percentage 
than for the other three continuous protocols , reached a 
plateau on the intermittent run test . The discontinuous 
test of the present study and Sheehan ' s  et al . ( 1 9 8 7 ) do 
differ . The Sheehan et al . ( 1987 ) study ut il i z ed a speed 
o f  5 miles per hour and 2 % grade increases every three 
minutes , whereas , this study used 4 . 5  miles per hour for 
the speed and 2 . 5% grade increase every 3 minutes . The 
rest periods for the protocols differed also . The rest 
periods cons isted of walking on the t�eadmi l l  at 2 . 5  miles 
per hour for 3 minutes . The present study had the subj ects 
rest for five minutes with no . exercise . Both o f  these 
di fferences could have caused the di fference in the test 
results . 
The continuous test of the present study e l i c ited 
maximal oxygen uptake values ranging from . 9  to 1 . 4  l iters 
per minute and 2 7 . 6  to 4 7 . 4  mil l il iters per ki l ograms per 
minute . The mean vo2max was 1 . 2 3 ± . 16 l iters per minute 
and 4 0 . 7  ± 5 . 4 2 mil l i l iters per kilograms per minute . The 
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present study ' s  discontinuous test el icited maximal oxygen 
uptake values of 1 . 0 . to 1 . 7  l iters per minute and 3 0 . 3 to 
5 8 . 5  mill i l iters per ki lograms per minute . The mean vo2max 
for the discontinuous test was 1 . 4 3 + . 2 l iters per minute 
and 4 7 . 3  + 7 . 1 1 mil l i l iters per kilograms per minute . 
These maximal oxygen uptake values are s imilar to those 
found in several studies using a simi lar population 
( Skinner et a l . ,  1 97 1 ;  Krahenbuhl et al . ,  1 9 7 8 ) . Skinner 
et al . ( 19 7 1 )  reported a range of 4 3 . 0  to 4 5 . 7  mil l il iters 
per ki lograms per minute on the continuous test which is 
higher than the present study ' s  range . Although Skinner ' s  
et al . ( 19 7 1 )  values were higher than the present they are 
still very c lose . On the discontinuous test Skinner ' s  et 
al . ( 19 7 1 )  results were lower ( 4 4 . 8  ± 4 . 3  mil l i l iters per 
kilograms per minute ) than the present study ' s  results 
( 4 7 . 3  ± 7 . 1  mil l i l iters per ki lograms per minute ) , _ but are 
actual ly very s imi lar . The age rang� for the g i rls in 
Skinner ' s  et a l . ( 19 7 1 )  study ( 6  to 15 . 5  years ) was larger 
than the present study ( 8  to . 10  years ) . 
Al so in support of the results of  this  study is 
Krahenbuhl et al . ( 19 7 8 ) who reported a mean V02max value _ o f  
4 1 . 2 + 6 . 5  mil l il iters per kilograms per minute for 6 t o  9 
year old girls . This  is very comparable to the results o f  
the present study of 4 0 . 7  + 5 . 4 2 mil l i l iters per kilograms 
per minute . 
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A couple of studies whose results confl ict with the 
present study are Wilmore and S igerseth ( 19 6 6 )  and Ferrar 
( 19 8 5 ) . Wilmore and S igerseth ( 19 66 )  used a b icycl e  
ergometer a s  the mode of  testing and thei r  vo2max values 
were h igher than the present study ' s  results . They found 
vo2 max values o f  1 . 7 3 + . 07 l iters per minute for 7 to 9 
year old girls and 1 . 68 ± . 1  l iters per minute for 1 0  to 1 1  
year old g i rl s . This is di fficult to exp l a in as normal ly 
the b icycl e  ergometer wil l  el icit lower vo2max values than 
the treadmi l l . 
There i s  also confl ict with the present study and . 
the study it i s  repl icating ( Ferrar , 198 5 ) . The values 
from the Ferrar ( 19 8 5 )  study may be somewhat infl ated since 
the l aboratory equipment was not functioning properl y .  on 
the cont inuous test Ferrar • s  ( 19 8 5 )  results ranged from 
4 0 . 6  to 5 6 . 3 3 mi l l il iters per kilogram per minute with a 
mean of  4 7 . 4 9 + 5 . 7 4 mil l il iters per . kilogram per minute 
whi ch are h igher than those for the present study . The 
di scont inuous test of Ferrar ! s  ( 198 5 )  el icit�d �esults 
ranging from 4 0 . 3 2 to 6 0 . 4 7  mi l l i l iters per kil ogram per 
minute with a mean of 5 1 . 7 6  + 6 . 2 2  mil l il iters per kilogram 
per minute which are also higher than the present study ' s 
find i ngs .  
The resp i ratory exchange ratios of  the present 
study were not s ign i ficantly different when obta ined from 
the continuous or discontinuous protocol .  The cont inuous 
test RER was • 9 9  + .· 0 6  and the discontinuous test RER was 
1 . 0 1 + . 0 6 .  Ferrar ' $  ( 19 8 5 )  RER values are thought to be 
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somewhat def l ated . The RER for the continuous test was . 8 2 
+ . 04 and the discontinuous test . 8 1 + . 04 for the Ferrar 
( 19 8 5 ) . However , two . other studies ( Krahenbuhl et al . 1 9 7 8  
and Paterson e t  al . 19 8 1 )  had results that were comparable 
to the RER values of  this study . For a continuous tes ..t 
administered to 6 to 9 year girls , Krahenbuhl et a l . ( 1 9 7 8 ) 
recorded a mean RER of 1 . 0 6 ± . 0 5 ,  whereas ,  the present 
study ' s  RER was . 9 9 ± . 0 6 for the continuous test . 
Although Paterson et al . ( 1� 8 1 )  used 10 to 12 year old 
boys , they found s imil ar results for RER compared to the 
present study ' s  results . The RER values included . 9 8 ± . 0 7 
for the cont inuous walk , 1 . 0 0 ± . 0 2 for the cont inuous j og i  
which is what the present study used , and . 9·9 + . 0 7  for the 
continuous run . The present study ' s  RER of . 9 9 ± . 0 6 is 
essential ly the same as the continuous j og value o f  1 . 0 0 ± 
. • 02 . 
The minute ventilation values from th i s  study were 
s igni ficantly d i fferent on the continuous and d iscont inuous 
protocols . The continuous protocol el icited a mean VE of 
3 6 . 0 1 ± 4 l iters per minute and the discontinuous test 4 1 . 1  
± 6 . 0 6 l iters per minute . Krahenbuhl et al . ( 19 7 8 ) used . 
girl s of  s imilar ages ( 6  to 9 years ) and observed a s imilar 
VE of 4 0 . 5  + 1 0  on a· continuous test . Thi s  was the only 
study reviewed that used s imilar aged girls and reported 
VE .  
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I n  this study the discontinuous protocol e l icited 
sign i ficantly higher vo2max values in both mil l il iters per 
ki logram per minute and l iters per minute than the con-
tinuous protocol . The RER values demonstrate that the . 
subj ects were working at maximum effort as the ir RERs were 
close to 1 . 0 0 or over . The discontinuous protocol el icited 
signif icantly higher VE values than the continuous proto-
col . 
CHAPTER V 
SUMMARY AND CONCLUS IONS 
Summary · 
The purpose of  this study was to compare continuous 
versus discontinuous treadmil l  protocol s for the el icita-
t ion of maximum oxygen uptake in 14  prepubescent females . 
Each subj ect participated in a famil iari zation sess ion as 
wel l as continuous and di scontinuous testi ng sess ions . 
During . the famil iarization sess ion , the sub j ect was 
informed about the equipment and procedures uti l i z ed during 
the testing . Al so during this sess ion the subj ect com-
pleted a continuous treadmill  test . The order o f  the 
continuous and discontinuous tests were randomly ass igned . 
Be fore either the cont inuous or discont inuous tests were 
performed procedures were explained and questions answered . 
The continuous test was administered at a constant 
speed of 4 . 5  mph . The initial grade was O %  with 2 . 5 % 
increase every 2 minutes . This procedure continued · unti l  
the subj ect could n o  longer continue . A constant speed o f  
4 . 5 mph was a l so used for the discontinuous test . The 
initial grade was 0 %  and increased by 2 . 5 % every 3 minutes . 
A five minute rest period . fol l owed each three · minute work 
period . This  procedure was continued unt i l  the subj ect 
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could no l onger continue or until a plateau i n  V02 was 
attained . 
Al l three testing sess ions were completed on a 
motor-driven treadmil l . A two-way valve with headgear and 
mouthp iece fac i l itated expired gas col lection . Inspired 
air was measured by an air flow meter . Exp i red gases 
passed through a mixing chamber and were samp l ed through 
carbon diox ide and oxygen analyzers . Al l metabol ic 
measures were calculated us ing a computeri z ed measurement 
system . 
The statist ical analys is used for determinat ion of 
•igni ficant di fferences was a correl ated groups t-test . 
The correlated groups t-test was completed on the dependent 
variables o f  V02max in l iters per minute and mi l l i l iters 
per kil ogram per minute , respiratory exchanged rat io , and 
minute vent ilat ion . The . 05 level of s ign i ficance was 
uti l i z ed to determine s ign ificance of the results . The 
discont inuous test exhib ited sign i ficantly higher V02max 
values in both -l iters per minute and mil l i l iter� per 
kilogram per minute . There was no signi ficant dif ference 
in respiratory exchange ratio between the continuous and 
discontinuous protocols . A signi ficant difference was 
observed in minute ventilation between the two protocols 
with the discont inuous test el iciting the h igher values . 
Conclus ions 
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A discontinuous protocol el icited s igni ficantly 
higher maximum oxygen uptake values in thi s  study than the 
cont inuous protocol . This study supports that children are 
capabl e  of  a max imum effort as their RER ' s  approached 1 . 0 0 ,  
the value commonly used in adult studies as indicative of  a 
maximal e ffort . Using traditional criteria there were more 
plateaus attained in the continuous test than in the 
discontinuous test . This was not antic ipated and may be 
indicative that these may not be appropriate for children . 
Recommendations for Further Study 
It is recommended that the present study be 
repeated adding boys as subj ects and have four testing 
groups ( continuous protocol boys and girl s and discon­
t inuous protoco l  boys and girl s )  to determine i f  boys and 
girls respond in a s imilar manner to V02max testing . To 
determine if cardiovascular risk factors are developing in 
our children . Each child would complete a medical and 
physical evaluat ion to assess the prevalence o f  cardiovas-
cular risk factors . The items to be used for assessment 
would be a blood test for serum cholesterol and triglycer-
ides , a work capac ity test , body compos ition , and a family 
history quest ionnaire . 
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Appendix A 
INFORMED CONSENT FORM 
Dear Parents , 
My name is Monica Severson and I am currently a 
master ' s  degree student in the Department o f  Health , 
Physical Education , and Recreation at South Dakota State 
University . I am attempting to recruit 3 0  boys and girls 
ages 8 ,  1 0 , and 12 years to participate in a study of 
maximal oxygen uptake measurement procedures . S ince I am 
-
famil iar with the students and parents of  the Colman 
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School , I have decided that it would be bene f ic ia l  to do my 
study on these children . As a partic ipant in  the study you 
and your chi l d  can expect to find out hisjher current 
cardiovascular f itness level . 
Maxima l  oxygen uptake is the best measure o f  
cardiovascul ar f itness . Each child wil l  run on a motor-
driven treadmil l  during three testing sess ions . Each 
sess ion wil l  be approximately 1 hour in l ength and wil l be 
completed at l east 48 hours apart ·. During the f i rst 
sess ion the child wi l l  become famil iari z ed with the -
equipment , procedures , and how to run on the treadm i l l . 
During the second and third sess ions , each chi ld wi l l  
perform two d i fferent maximal exercise test protocols for 
the determination o f  maximal oxygen uptake . 
During one o f  the maximal exerc ise test ing 
sessions , each child . wil l  warm-up for 5 minutes and wi l l  
have a 1 0  minute rest period afterwards . After the rest 
period , each chi ld will run at a set speed for three , 3 
minute period with each period being separated by a 1 0  
7 4  
minute rest . The grade o f  the treadmil l  w i l l  be increased 
each period . Dur ing the other maximal exercise test ing 
session , each chi ld wil l  run at a comfortabl e  speed wh�ch 
wi ll remain constant throughout the test . The grade o f  the 
treadmill  will be increased every 3 minutes { as i f  the 
child is running uphill ) .  Each child ' s  heart rate wil l  be 
monitored throughout the testing and there wi l l  be constant 
supervis ion and encouragement . Dr . Jack Ewing , an exercise 
phys iologi st at SDSU , wil l  be supervis ing each test ing 
sess ion . 
The child wil l  be encouraged to give a maxima l . 
ef fort { run as l ong as poss ibl e ) , however , the chi ld may 
stop at any time . The risk of inj ury in this type o f  
testing i s  minimal and all precautions to prevent inj ury 
will be taken . The child may withdraw from the study at 
any t ime . It  wil l  be important that the child absta in from 
eating for 2 hours prior to the �esting . The test ing will 
be completed at the Human Performance Lab at S DSU . 
S ignature o f  the Parent 
S ignature o f  the Investigator 
Date 
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RAW DATA 
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Severson , M .  J .  Comparison of  continuous and discontinuous 
treadmill  protocols for elicitation o f  maximum 
oxygen uptake in prepubescent females . Master o f  
Science , 1 9 8 8 , 8 5  p .  ( J . L . Ewing ) 
A cont inuous and discontinuous treadmi l l  test was 
uti l i z ed for the el icitation of vo2max in 14 females ages 
8 ,  9 ,  and 10 years . The first visit to the l ab was a 
famil iari z ation sess ion with equipment and procedures 
expla ined and a continuous treadmil l  test comp l eted . · The 
order of  the next two sess ions was randomly ass igned and 
was e ither a continuous or discontinuous treadmil l proto-
col . Both tests were run at 4 . 5  mph and began with a O% 
grade . A grade increase of 2 . 5 % occurred for each workl oad 
until the subj ect indicated she could no longer cont inue . 
The durat ion o f  each workload was 2 minutes on the con-
tinuous protocol and 3 minutes on the discont inuous . A 
five minute rest followed eacn three minute workload in the 
discont inuous protocol . From a correl ated groups T-test it 
was determined that a significant d�fference exi sted in 
· vo2max in both l iters per minute and mil l i l iters per 
kilogram per minute obtained from continuous and discon-
tinuous treadmi l l  protocols . The mean V02max o f  the 
continuous test was 1 . 2 3 + . 1 6 l iters per minute and 40. 7 ± 
5 . 4 2 mi l l il iters per kilogram per minute and the di scon­
tinuous test was 1 . 4 3 ± . 2 l iters per minute and 47. 3 ± 
7 . 1 1 mil l il iters per kil ogram per minute . 
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CHAPTER I 
INTRODUCTION 
Whi l e  America has been involved in a so-ca l l ed 
fitness " boom" for over a decade many of  Amer ica ' s  children 
have not been reaping the benefits . In the 1 9 6 0 ' s  only 
about 2 4 %  of all adults exercised , but recent figures · show 
about 5 0 %  to 6 0 %  of  adults are now exerc is ing ( Corbin & 
Lindsey , 1 9 8 8 ) . Although a maj ority of adul ts feel 
exercise is important for good health they are not motivat­
ing their chi ldren to be physically active . According to 
the Nat ional Children and Youth Fitness study more than 
one-hal f of schoo l age children are not cons idered phy s i ­
cal ly fit and d o  not exercise enough ( Ross , Dotson , 
Gilbert , & Katz , 19 8 5 ) . 
The fitness "boom" , along with our increased 
knowl edge o f  the importance of regular exerc i se , has had an 
impact on , but has not prevented , cardiovascular disease . 
Heart disease ·is stil l  the leading cause o f  death 'in the 
United States ( Corbin & Lindsey , 198 8 ) . The risk factors 
of cardiovascular disease in children have been shown to 
include obes ity ; hypertens ion , elevated serum chol esterol 
and triglycerides , and phys ical inactivity ( Gi l l iam , Kate� , 
Thorland , & Weltman , 197 7 ) . Gill iam et al . ,  ( 1 9 7 7 ) found 
19 . 1% of the 4 7  children they studied were obese , 1 0 %  had 
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elevated serum cholesterol ; 1 8 %  had elevated triglycerides , 
and 1 1 %  had low work capacities . While identi fication of  
risk factors has been heavily stressed in adults , it is  
apparent that these risk factors are being ident i fied 
during adolescence or even childhood . I f  these risks 
factors are preval ent in children there is j usti f ied 
concern for how unhealthy the adult population may be in 
the future . 
It is bel ieved that phys ical activity is a protec­
tion against cardiovascular disease and regular exercise is 
very bene f icial ( Pollock , �i lmore , & Fox , 1 9 7 8 ) . These 
benefits include increased work capac ity , cardiorespiratory 
fitness , and muscular strength and endurance ,  all . o f  which · 
can decrease the risk of di sease . In addition , phys ical 
activity can help regul ate blood pressure , reduce and 
control we ight , regulate metabol ism ,  and prevent l os s  o f  
bone mass . Phys ical activity can also prov ide ari outlet 
for tens ion and mental fatigue , improvements in posture and 
sel f- image , and a sense of " feel ing good " ( Po l l ock et al . ,  
1 9 7 8 ; Corb in & Lindsey , 198 8 ) . 
Phys ical f itness is the ab il ity o f  the heart , b l ood 
vessels , lungs , and muscles to work the ir best to meet the 
chal l enges of l i fe ( Corbin & Lindsey , 198 8 ) . These 
· chal l enges could range from shovel ing snow , to touching 
one ' s  toes , to running a marathon . The maj or components of 
physical f itness are body composition , flexib i l ity , 
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strength , muscular endurance , and cardiovascular endurance 
( Pol l ock et a l . ,  197 8 ) . Cardiovascular endurance is 
frequently considered the most important aspect o f  phys ical 
f itness because those who possess it are l ikely to decrease 
their risk o f  coronary heart disease . Card i ovascular 
endurance i s  the abil ity of the heart , b l ood vesse l s , 
blood , and respiratory system to supply oxygen to the 
muscles during sustained exercise ( Corbin & Lindsey , 1 9 8 8 ) . 
I f  a person has good cardiovascular endurance , they can 
pers ist in phys ical activity for relatively l ong periods o f  
time without undue stress . 
To determine a person ' s  cardiovascular endurance , 
the maximum amount of oxygen that a person i s  capable of 
us ing during strenuous exercise is measured ( Vo2max ) . 
vo2max is considered to be the best indicator o f  aerob ic 
work capac ity and is l imited by the capacity o f  the car­
diorespiratory systems to del iver oxygen to the tissues 
(Miyamura & Honda , 1 9 7 2 ) .  To measure maximum oxygen 
uptake , researchers have used modes of exerc ise in wh ich 
the workl oad can be controlled . The motor-driven treadmi l l  
and the b icycle ergometer are two commonly used modes . 
Controll ing the workload involves regulating the speed ·and 
grade of the treadmil l  or the res istance and cadence o f  the 
· bicycle ergometer . vo2max is attained when the workl oad is 
so high that the subj ect can no longer continue . 
Individual s  of a l l  ages and both sexes have been 
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tested for vo2max . Optimal procedures for determining 
V02max have been identi fied but most o f  the research has 
been carried out with col lege-age males as subj ects . 
Studies examining the measurement of  maximum oxygen uptake 
in children have been compl eted (Wilmore & S igerseth , 19 6 6 ; 
Skinner , Bar-or , Bergsteinova , Bel l , Royer , & Buskirk , 
19 7 1 ; Nagl e , Hagberg , & Kamei , 1977 ; Cunningham , Van­
Waterschoot , Paterson , Le fcoe , & Sangal , 1 9 7 7 ; Krahenbuhl , 
Pangra z i ,  Petersen , Burkett , & Schneider , 1 9 7 8 ; Paterson , 
Cunningham , & Donner , 19 8 1 ; Ferrar , 1 9 8 5 ; Sheehan , Rowland , 
& Burke , 19 8 7 ) although th�re is sti l l  some question as to 
the most appropriate protocol ( Skinner et al . ,  1 9 7 1 ; 
Shephard , 19 7 1 ; Paterson et al . ,  19 8 1 ) . 
Questions encountered in the assessment o f  vo2max 
in children may be related to unrealistic vo2max attainment 
criteria ,  inappropriate test protocols , phys iological and 
psychol og ical d i fferences in exercise responses of children 
compared to adults , and the identification o f  a maximal 
effort in children ( Paterson et al . ,  1 9 8 1 )  . . In order to 
determine whether maximum oxygen uptake has been atta ined 
during a test the normal criteria is the estab l ishment of a 
plateau or l evel ing off in oxygen uptake with an increa
.
se 
in workload . A true plateau has been di f f icult to observe 
· on a regular bas is in chi ldren . Only 2 o f  the 1 3  subj ects 
met · the criterion for a plateau during the cont inuous test 
i� Ferrar • s ( 1 98 5 )  study . Also us ing ·a continuous test , 
Paterson et a l . ( 19 8 1 )  had only 2 4 o f  the 7 2 tests ad­
ministered result in a plateau in vo2 • Cunningham et al . 
( 19 7 7 ) found a plateau in only 3 8 %  o f  the ir subj ects using 
a continuous test . However , Krahenbuhl et a l . ( 19 7 8 ) used 
a continuous protocol and observed that 8 3  o f  the 117  
subj ects or 7 1% attained a plateau in oxygen consumption . 
When a plateau is not attained it may be more appropriate 
to use the term peak vo2 • 
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Commonly used treadmi l l  protocols have been 
des igned for adults and may not be appropriate for use with 
chi ldren . The physiologiqal and psychol ogical d i f ferences 
between adults and children may requ ire a modi fication o f  
the testing protocol for elicitat ion o f  vo2max in· chi l dren . 
Many researchers have been concerned with the rel iab i l ity 
of  the results from us ing the same protoco�s on children 
that are used to test adults ( Skinner et al . �  19 7 1 ; 
Paterson et al . ,  19 8 1 ;  Shephard , 198 4 ) . S ince chi ldren may 
not be highly motivated to give a maximal e f fort it may be 
more di f f icul t  to measure their maximum oxygen uptake . 
The b icycle ergometer and the treadmil i are the 
most often used modes for the assessment of vo2max·. The 
treadmi l l  appears to el icit the highest vo2max values 
( Hermansen & Saltin , 19 6 9 ; Miyamura & Honda , 197 2 ; McArdle , 
Katch , & Pechar , 197 3 ) . A variety of  treadmi l l  protoco�s 
exist with the two main . classi fications being cont inuous or 
discontinuous . A treadmil l  test is cont inuous when there 
6 
is a gradual trans ition from low intens ity to maximal work 
capacity with no rest periods . A treadmill  test i s  
discontinuous when there is a gradual trans it ion from low 
intensity to maximal work capacity that alternates work and 
rest perio9s . There fore , the maj or d i fference between the 
protocol s  is that the continuous test has no rest periods 
and the discontinuous test has a rest period a fter each 
workload . 
Deciding whether to use a continuous or a di scon­
tinuous protocol can be a concern for the researcher . The 
continuous protocol has aqvantages as does the discon-
. tinuous protocol . Although the continuous protocol needs 
less time to complete , a plateau in oxygen consumpt ion is 
not a lways atta ined . Discont inuous protocol s  require more 
time to compl ete , but subj ects may not need as much 
motivation to reach the ir maximal capac ity . During a 
discont inuous test the subj ect can be encouraged during the 
rest periods and while on the treadmi l l , whereas during a 
continuous test they can only be encourageQ whi l e  on the 
treadmil l . It takes a highly motivated subj ect to give a 
maximal e ffort on a continuous test . In many studies us ing 
adults no s igni ficant differences in V02max have been 
observed when el icited by continuous and discont inuous 
protocol s  ( Maksud & Coutts , 19 7 1 ; Skinner et al . ,  19 7 1 ; 
McArdle et al . ,  1 9 7 3 , Fardy & Hel lerstein , 1 9 7 8 ) . The same 
results have been found with boys as subj ects by Sheehan et 
7 
al . ( 19 87 ) . However , Ferrar ( 19 8 5 )  did f ind a s igni f icant 
difference in vo2max values obtained from continuous and 
discontinuous protocols us ing 8 ,  9 ,  and 1 0  year old females 
as subj ects . Whi l e  the results of  this study were thought 
to be rel iabl e , due to a constant error in the measurement 
system there is concern about the val idity o f  the results 
and it , therefore , should be repl icated . 
Testing for maximum oxygen uptake i s  needed to 
assess the phys ical fitness of  our children . While 
treadmil l  protocols which accurately determine vo2max have 
been des igned , assessed , �nd val idated for adults (Maksud & 
. Coutts , 1 9 7 1 ; McArdle et al . ,  19 7 3 ; Fro l i cher et al . ,  1 9 7 4 � 
McKay & Banister , 197 6 ;  Fardy & Hel lerstein , 1 9 7 8 ) there is 
stil l  some quest ion regarding wh ich maximum oxygen test is  
best used for ch i ldren . More research needs to be com­
pl eted ut il i z ing children as subj ects to develop the most 
appropriate protocol for el iciting vo2max . There fore , th is 
study , which is a repl icat ion of the Ferrar ( 19 8 5 )  study , . 
was undertaken to further examine vo2max test ing in 
chi ldren . 
Statement of  the Probl em 
The purpose o f  this study was to compare cont inuous 
and discont inuous treadmil l  protocols for the el ic itat ion 
of  maximum oxygen uptake in 8 ,  9 ,  and 1 0  year old females . 
Hypotheses 
The resear�h hypotheses tested were : 
1 .  The maximum oxygen uptake o f  prepubescent 
females in l iters per minute measured quring a cont inuous 
treadmil l  protocol is not different from thos e  values 
obtained from a discontinuous treadmil l  protocol .  
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2 . The maximum oxygen uptake of  prepubescent 
females in mil l i l iters per kil ograms per minute measured 
during a continuous treadmil l protocol is not di f ferent 
from those values measured during a discontinuous treadmill 
protocol . 
3 . The respiratory exchange ratio o f  prepubescent 
females at vo2max measured during a cont inuous treadmill  · 
protocol is  not d i fferent from those values measured during 
a discont inuous treadmil l  protocol . 
4 .  The volume exp ired of prepubescent females at 
V02max measured during a continuous treadmi l l  protocol is 
not different from those values measured during a discon­
tinuous treadmil l  protocol . 
Def inition of Terms 
Continuous Treadm i l l  Test : A protocol for the el ic itation 
of  V02max with progress ively increasing workl oads with no 
rest periods ( Lamb , 1 9 7 8 ) . 
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Discontinuous Treadmill Test : A protocol for the el icita­
tion of vo2max with progress ively increas ing workloads 
allowing suf f icient time for recovery between increments o f  
work ( Taylor , Buskirk , & Henschel , 19 5 5 ) . 
Maximum oxygen Uptake cvo2maxl : The greatest volume of  
oxygen a person can util i z e  during maximal phys ical work . 
It i s  a measure of  the person ' s  maximal capacity to 
transport oxygen to the t issues of the body and the ti ssues 
ab il ity to util i z e  the oxygen (Mitchell , Sproul e ,  & 
Chapman , 1 9 5 7 ) • 
Maximal E ffort : When an individual exercises to exhaus­
.tion . If an individual attains a plateau in vo2 with 
increas ing workl oads and has a RER over 1 . 0 0 it is  a good 
indicat ion the individual has given a maximal e f fort 
( Paterson et al . ,  19 8 1 ) . 
Maximal Heart Rate : The maximum number o f  t imes the heart 
can contract in one minute ( Lamb , 197 8 ) . 
Plateau : A plateau in vo2 occurs when two consecut ive 
measurements differ by 2 . 1  mil l il iters per .kil ogram per 
minute or less fol lowing a 2 . 5 % increase in grade ( Taylor , 
Buskirk , & Henschel , 19 5 5 ) . 
Respiratory Exchange Ratio CRERl : The volume o f  carbon 
dioxide produced divided by the amount o f  oxygen produced . 
· This variable re flects the intens ity o f  the exercise and 
the type o f  fuel being used ( Issekutz , Birkh·ead , & . Rodahl , 
1 � 6 1 )  . 
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Peak vo2 : The highest oxygen consumption ach i eved by the 
subj ect on a test to exhaust ion . vo2max w i l l  equal or 
exceed peak vo2 • A subj ect may achieve a peak value , but 
may not meet the criterion for vo2max . Without a plateau 
in vo2 there is no assurance that vo2max has been attained , 
therefore in these cases peak vo2 is the more appropriate 
term ( Krahenbuhl , Skinner , & Kohrt , 19 8 5 ) . 
Open Circuit Method : Subj ect breathes in unl imited amounts 
of ambient air that is made up of a constant compos ition o f  
oxygen , carbon dioxide , and nitrogen instead o f  breathing 
in the exp ired air aga in ( McArdle , Katch , & Katch , 19 8 6 ) . 
Assumpt ions 
The fol lowing assumpt ions have been made for the 
purpose of this study : 
1 .  All females ages 8 ,  9 ,  and ·1 0  years can give a 
maximal ef fort on a graded exercise · treadmil l  test . 
2 . The minor environmental fluctuat ions in the 
Human Performance Lab did not a f fect the results of the 
study .  
3 .  The di fferent levels of  maturation of  females 
8 ,  9 ,  and 10 years did not af fect the phys iological 
response to the graded exercise test . 
4 .  The highest oxygen uptake atta ined during a 
test ( peak V02 ) i s  equal to V02max . 
Limitations 
1 1  
Thi s  study incorporated a repeated measures des ign 
with each subj ect completing a continuous and discont inuous 
treadmil l  test . There are both advantages and disad-· 
vantages to repeated measures des igns . Whi l e  The subj ects 
may have experienced a learning effect fol l owing the first 
test with resultant improvement in second test values , this  
l imitat ion was controlled for by randomly ass igning the 
order of the tests . 
Scope of the Study 
Subj ects· were 8 ,  9 ,  and 10 year o ld females from 
Colman , S outh Dakota . The subj ects made three vis its to 
the Human Performance Lab in the Stanl ey J .  Marshal i  
Health , Phys ical Education , and Recreation . Center on the 
campus of S outh Dakota State Univers ity . Each testing 
sess ion l asted approximately 3 0  minutes . The first v i s it 
was a famil iariz ation sess ion to acqua int the subj ects to 
the treadmill  and lab procedures . At each test ing sess ion 
four electrodes were placed on the torso of the subj ect and 
then connected to the heart rate monitor . The mouthp iece , 
headgear ,  and nose c l ip were then placed on the subj ect and 
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the hoses from the gas meter and to the mixing chamber were 
connected to the mouthpiece valves . Al l protocols were 
carried out until the subj ect indicated she could no longer 
continue . The second and third visits consisted of  the 
subj ects comp l eting either a continuous or d i scontinuous 
treadmi l l  test . The order of  the tests were randomly 
ass igned . The testing was completed between March 7 and 
March 2 5 ,  1 98 8 , between 4 : 0 0 and 6 : 3 0 pm . At least 4 8  
hours separated each test . 
S igni ficance of the Study 
Most researchers cons ider maximum oxygen uptake as 
the best indicator of cardiovascul ar endurance ,  the most 
important component of phys ical fitness . Today , fitness i·s 
of great importance , therefore , we need an accurate method 
of measuring vo2max . Maximal exercise testing has been 
studied extens ively , however , most of the work has peen 
· done on college-age males (Maksud & Coutts , 19 7 1 ;  Miyamura 
& Honda , 1 9 72 ; · McArdle et al . ,  19 7 3 ; Keren et al . ,  1 9 8 0 ) . 
More research on maximal exerc ise testing in child�en needs 
to be compl eted since it is necessary to identi fy protocol s  
that accurately measure vo2max . A maj or goal o f  phys ical 
education programs is to improve the phys ical fitness - of  
our chi ldren . I t  is important to be abl e  to measure these 
improvements using either vo2max tests or tests which 
predict vo2max . More research focus ing on the actual 
measurement o f  vo2max needs to be completed so  that 
accurate predictive measurements can be estab l i shed for 
1 3  
phys ical educators t o  uti l i ze with chi ldren . Accurate 
assessments of vo2max have been establ ished for adults and 
postpubescent boys . However , no clear ident i fication of  
the best vo2max protocol for prepubescent girl s  has been 
establ ished . With the current emphas is on fitness , and 
part icularly children ' s  fitness , it is critical that 
appropriate measurement techniques be uti l i z ed .  There fore , 
this study tested prepubescent girls on cont inuous and 
discont inuous protocols to help establ ish appropriate 
· measurement techniques . 
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CHAPTER I I  
REVIEW O F  LITERATURE 
The research l iterature that i s  pertinent to this 
study on maximum oxygen uptake testing in prepubescent 
females i s  presented in this chapter . It has been or­
ganized into four maj or sections and the chapter concludes 
with a summary of the review of l iterature . 
Maximum Oxygen Uptake 
over the last 3 0  years hundreds o f  studies have 
been completed examining maximal oxygen uptake ( V02max ) . 
Presented in this section are several of  the classic 
studies estab l i shing vo2max as the s ingl e best indicator o f  
cardiovascular function . 
In one of  class ical studies of maximum oxygen 
uptake , Tayl or , Buskirk , and Henschel ( 19 5 5 )  described the 
technique of measuring vo2max along with i�s l imitat ions 
and usefulness . Forty-s ix male volunteers between the ages 
of 18 and 3 5  years came to the lab a minimum of three days · 
and some as many as five to a establ ish workl oad that would 
el icit vo2max . on the first visit - the subj ects performed 
the treadmil l vers ion of the Harvard Fitness Test . From 
this test the grade that would produce V02max was es-
t imated . The second visit to the lab involved a treadmi l l  
test with a warmup a t  3 . 5  miles per hour and 1 0 %  grade . 
Within f ive minutes of  completing the warmup , subj ects ran 
at seven miles per hour for three minutes at the grade 
which had previously been determined . on the third trip 
to the lab , subj ects followed the same protocol as on the 
second visit except they ran at a 2 . 5% h igher grade . I f  
the two oxygen intakes were different by l es s  than 1 5 0  
cubic centimeters per minute or 2 . 1  cub ic centimeters 
kilograms per minute the authors determined that a vo2max 
had been reached . I f  a la�ger di fference was found , 
another test was performed on a subsequent day with a 2 . 5 % 
grade increase . This was continued unt il  two consecut ive 
tests el icited an oxygen intake that met the criterion . 
Another method of  atta ining vo2max was a l so examined . On 
success ive days the subj ects ran for three minutes with the 
grade set at z ero percent while the speed was increased 
each day unti l  a plateau us ing the previously described 
criteria had been reached . Nine of the t�i rteen subj ects 
us ing the increas ing speed . method showed a p l ateau in vo2 . 
When us ing the method of increas ing grade instead of speed 
it was found that only 7 subj ects out of 1 1 5  did not reach 
a plateau . The authors concluded that i f  two consecutive 
· measurements separated by a 2 . 5 % grade increase d i f fer by 
less than 1 5 0  cub ic centimeters per minute or 2 . 1  cub ic 
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centimeters per kilogram per minute , a p l ateau has been 
attained . 
As a fol l ow-up to the Taylor et a l . ,  ( 19 5 5 )  study , 
Mitchel l ,  Sproule ,  and Chapman ( 19 5 7 ) attempted to deter­
mine the phys iological meaning of the maximum oxygen uptake 
test . S ixty-five men aged 2 0 years or over compl eted a 
testing protocol s imilar to Taylor et al . ,  ( 19 5 5 )  except 
rather than allowing 2 4 hours between runs on the treadmi l l  
only 1 0  minutes o f  rest was given . The subj ects warmed up 
for 10  minutes at 3 miles per hour and 1 0 %  grade fol l owed 
by a 10  minute rest . The first 3 minute workload was at 6 
miles per hour and 0 %  grade followed by a 1 0  minute rest . 
The grade was increased by 2 . 5% in each subsequent workl oad 
while the speed rema ined constant . The test cont inued 
until increases in oxygen uptake leveled o f f  fol l owing the 
same criteria as · Taylor et al . ,  ( 19 5 5 ) . On a subset of  1 5  
subj ects cardiac output and A-vo2 dif ference were 
determined at rest and during three workl oads of the test . 
To fac i l itate these measures a catheter was . pl aced in the 
left brachial artery and the brachial and femoral veins . 
The authors determined that maximum oxygen uptake was 
limited by cardiac output and A-vo2 difference and . that . 
increased cardiac output may be more important than 
increased A-vo2 difference . Al so a 10 minute rest between 
workloads was found to be sufficient time rather than us ing 
Taylor ' s  et al . i  ( 19 5 5 )  rest period o f
. 
2 4 hours . 
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A study finding sl ightly different results than 
Taylor et a l . ( 19 5 5 )  was completed by Wyndham , strydom , 
Maritz , Morri son , Peter , and Potgieter ( 19 59 ) . They 
examined the rel ationship between heart rate and vo2max as 
wel l  as the criteria for atta ining vo2max . Four highly 
trained men were the subj ects . The training involved a 1 0  
minute warm up with 3 0 0 0  feet per pound p e r  minute . Then 
for 3 0  minutes they worked at 7 0  revolut ions per minute and 
a res istance of 7 5 0 0  feet per pound per minute . After the 
3 0  minute workload , subj ects pedaled at 9 0 0 0 to 1 1 0 0 0  feet 
per pound per minute until exhaustion . After the subj ects 
were tra ined they then worked for 4 months at workl oads 
ranging from 2 5 0 0  to 1 1 0 0 0  feet per pound per minute . On 
Mondays the workload was always 7 5 0 0 feet per pound per 
minute to test the variabil ity of heart rate and oxygen 
consumption while on other days the workl oad was randomly 
ass igned . Gases were col lected at the second and tenth 
minutes at workl oads below 8 0 0 0  feet per pound per minute 
and only at the second minute when above 8 00 0  feet per 
pound per minute . The oxygen intake and heart rate curves 
were l inear until maximum heart rate was atta ined . · A shi ft 
of the curve was observed towards higher values of oxygen 
intake than would be expected if pl otted along the maximum 
· heart rate curve . The authors suggest that predicting 
V02max from maximum heart rates values could · result in 
u�derestimat ing . vo2max . In confl ict with Tayl or ' s  et al . ,  
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( 19 5 5 ) criteria for . establ ishing vo2max , thi s  study found 
at the three highest workloads there was no s igni f icant 
difference in vo2 from the mean vo2 o f  those minutes . The 
authors pointed out that there is such a s l ow rise in 
oxygen intake to the asymptote when plotted against work 
rate that Taylor ' s  et al . ,  ( 19 5 5 ) criteria may underes­
timate vo2max . 
Astrand and Saltin ( 19 6 1 )  used one female and four 
mal es as subj ects to examine oxygen uptake , heart rate , 
pulmonary ventilat ion , and lactic acid concentration during 
heavy exercise . The exerc ise was performed on a bicycle 
ergometer at 5 0  revolutions per minute . A 1 0  minute warm 
up was completed at about 55% of vo2max fol lowed by a 
workload which was des igned to increase to a l evel that 
woul.d produce exhaustion within two to eight minutes . When 
the workload could be ma inta ined for 6 . 5  minutes the vo2 
after l minute of  exercise was 8 4 %  of  the 1 minute value 
from workl oads that could be ma inta ined only 2 minutes . 
The time for establ ishment of a plateau , there fore ·, depends 
on the workload . The authors felt that a 1 0  minute warm up 
fol lowed by 2 minutes o f  very heavy exercise will  produce 
maximal oxygen uptake and heart rate . The acceleration o f  
heart rates was higher , ( 177  beats per minute ) after the 
first minute o f  exercise in the 2 minute workload than iri 
the 6 . 5  minute workload { 1 64 beats per minute ) . Ttie VE for 
the 6 . 5  minute exerc ise was 1 3 7 . 3  l iters and 1 5 5 . 8  l iters 
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for the 2 minute workload . The heavier the workl oad the 
higher the VE and the increase was more rapid . The authors 
concluded that in order to establ ish a steady state vo2 the 
workload should be at least five minutes for l ighter 
exercise , however , if the exercise was heavy measurements 
could be taken a fter one minute of exercise . 
I n  1 9 7 1 ,  Mitchel l  and Bl omqvist wrote a comprehen­
sive review o f  the work completed on maximum oxygen uptake . 
They indicated that when a person is subj ected to progres ­
sively increas ing workloads there is a l inear relationship 
between workload and oxygen uptake until vo2max is at­
tained . Many t imes more work can be accompl i shed beyond 
the workload which el icits vo2max . Whi l e  vo2 max depends on 
maximal card iac output and A-vo2 dif ference , maximal 
cardiac output seems to be more important . A number o f  
variables have been shown to influence vo2max including 
body s i z e , age , sex , and activity level . When vo2max is 
. expressed in l iters per minute it reflects the total volume 
of oxygen the body is capable of us ing but is inappropriate 
to use for comparing individuals . due to di f ferences in 
muscle mass . When vo2max is expressed in mi l l i l iters per 
kilogram per minute it reflects the
.
relative volume o f  
oxygen the body i s  capabl e  of using and should b e  used when 
comparing the vo2max o f  two or more individua l s . vo2max 
appears to decrease with age and males tend to have a 
higher vo2max than females .  More active indiv iduals tend 
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to have a higher vo2max than their sedentary counterparts . 
And f inal ly , maximum oxygen uptake has been wel l -es­
tab l i shed as the best indicator of  cardiovascul ar fitness . 
Modes of Testing 
Although there are various modes o f  measuring 
vo2max , the treadmil l  and the bicycle ergometer are used 
most o ften and el icit the highest vo2max values because o f  
the large muscle groups being used ( Mitche l l  & Blomqvist , 
197 1 ) . Studies have been conducted which compared vo2max 
elicited on the treadmil l  with that el icited on the bicyc le 
ergometer . Maximal oxygen uptake has been found to be 
consistently higher on the treadmi l l  then on the bicycle 
ergometer ( Glass ford , Baycroft , Sedgwick , & MacNab , 1 9 6 4 ; 
Hermansen & Saltin , 19 6 9 ; McArdle & Magel , 1 9 7 0 ; Miyamura & 
Honda , 1 9 7 2 ; McKay & Banister , 1 9 7 6 ; Keren , Maga z anik , & 
Epstein ,  1 9 8 0 ) . 
Glass ford , Baycro ft , Sedgwick , & MacNab ( 1 9 6 4 ) used 
four dif ferent
. 
methods for determination o f  vo2-max . The 
subj ects were 2 4 in number and · ranged in age from 1 7  to 3 3  
years . One test was the Taylor Buskirk , and Henschel 
( 19 5 5 )  test , the speci fics of which have been described 
previously in this review . This protocol has the subj ects
. 
returning on subsequent days for the next higher workl oad 
until a plateau in vo2 has occurred . The Mitchel l ,  
Sproule , & Chapman ( 19 5 7 ) test was also admini stered , the 
2 0 
. . 
speci f ics o f  which have also been described in the previous 
sect ion . Thi s  proto_col is similar to the Taylor et al . ,  
( 19 5 5 ) protocol with the replacement o f  2 4 hour rest 
periods by 10 minute rest periods . The Astrand b ike test 
was also used which involves pedal ing at 5 0  revolutions per 
minute and 6 0 0  kiloponds meters per minute o f  res istance 
for 6 minutes which was fol lowed with a 5 minute rest . The 
res istance was then increased by 3 0 0  ki l oponds per min each 
workload unti l  a plateau in vo2 was reached ( increase o f  8 0  
mil l i l iters or l ess ) . The Astrand-Rhyming predict ive test 
on the bike a l so involved riding at 6 0 0  kilogram meters per 
minute and 50 revolutions per minute . Heart rates were 
recorded the last 3 0  seconds of each minute . The durat ion 
of each workl oad was determined by having reached a steady. 
state in heart rate . Criteria for having attained a steady 
state was when two consecutive heart rate values which were 
separated by a minute did not di ffer more than ± 5 beats . 
The subj ect pedal led at least five minutes be fore this 
criteria was appl icable . The two heart rate values were 
averaged and used in the Astrand-Rhyming nomogram to 
predict vo2max . Results included : Taylor , Buskirk , and 
Henschel test - 5 0 . 2 ± 4 . 4 3 millil iters per k i l ogram per 
minute ; Mitche l l , Sproule ,  and Chapman test - 4 9 . 8 6 ± 5 . 6 5 
mil l i l iters per kilogram per minute ; Astrand test - 4 6 . 3 1 + 
4 . 6 7 mil l i l iters ; and Astrand-Rhyming predi ct i on - 4 9 . 3  ± 
10·. 7 2 mil l i l iteis per kilogram per minute . The mean from 
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the Astrand test was s igni ficantly lower than the means o f  
the other three tests . The means of  the two treadmill 
tests were s igni ficantly higher than the mean o f  the 
Astrand bike test . These results indicate that the 
treadmill  el icits higher vo2max values than the bicycl e  
ergometer . 
Keren , Magazanik , and Epste in ( 19 8 0 ) , l ike Glass­
ford et al . ,  ( 19 6 4 ) , used three direct measurements 
( treadmi l l  test , bicycle ergometer test , and step test ) and 
one indirect measurement (Astrand-Rhyming Nomogram ) to 
determine vo2max . Fi fteen - males with a mean age o f  2 0 . 2 ± 
• 17 years completed all 4 tests . The Bruce protocol was 
uti l i z ed for the treadmill test . The test was initiated at 
1 . 7 miles per hour and 10%  grade . Every three minutes the 
grade was increased two% and speed increased every three 
minutes as fol lows :  1 . 7 ,  2 . 5 , 3 . 4 ,  4 . 2 , 5 . 0 ,  5 . 5 , and 6 . 0  
miles per hour . The test was terminated when the subj ect 
. was unable to continue . The bicycle ergometer test 
cons isted of pedal ing at 600 kilogram meters per minute for 
3 minute workloads with an increase of 3 0 0 ki l ogram meters 
per minute each workload . This continued unti l  subj ect was 
unable to ma intain the cadence . A bench with a height of  
3 2 . 5  centimeters was used for the step test . The stepp ing 
pace started at 2 4 steps per min and increased cont inuously 
each minute to between 40 to 60 steps per min . With the 
Astrand-Rhyming Nomogram the subj ects pedaled at 5 0  
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revolut ions per minute for three successive workloads o f  
6 0 0 , 9 0 0 , and 12 0 0  kiloponds meters per minute each lasting 
five minutes . Heart rates were monitored and used in the 
nomogram to predict vo2max . The mean vo2max values were : 
treadmil l  test - 6 3 . 8  ± 1 . 3  millil iters per k i logram per 
minute ; b icycle ergometer test - 60 . 2 ± 1 . 4 5 mil l i l iters 
per kilogram per minute ; step test - 59 . 6  + 1 . 3 5 
mill i l iters per kilogram per minute ; and predicted b icycle 
ergometer test - 5 9 . 9  ± 1 . 4  mil l i l iters per kilogram per 
minute . No s igni ficant differences were found between 
V02max determined by the bicycle ergometer , the step test , 
. 
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and the Astrand-Rhyming nomogram . The treadmill  test 
el ic ited s igni ficantly greater vo2max va lues of about six 
percent when compared to the other methods . 
In 19 6 9  Hermansen and Saltin al.so found s ig­
nificantly higher maximum oxygen uptake values from a 
treadmil l  protocol compared to values from a bicycle 
ergometer protocol . The subj ects were 5 5  ma les ages 1 9  to 
69 years . Both tests were discontinuous in · nature . A 
constant grade o f  5 . 2 5%  was used . for the treadmil l test . . 
The speed was increased by two kilometer per hour every 
three minutes until a plateau in vo2 was observed . The 
Astrand and Saltin protocol for the bicycle ergometer was 
used . The pedal rate was 50  revolutions per minute and the 
workload was increased by 2 0 0  kiloponds meters per minute 
after each success ive 10 minute stage unti l  V02max was 
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achieved . A s igni ficant di fference was found between the 
mean V02max values with the treadmil l  protocol el iciting 
4 . 18 l iters per minute and the bicycle protocol 3 . 9  l iters 
per minute . Forty-seven of  the 55 subj ects showed higher 
vo2max values on the treadmill test than the b icycle 
ergometer test . 
McArdle and Magle ( 19 7 0 )  also used a treadmill  . and 
a bicycle ergometer for elicitation of  vo2max from 2 3 ma le 
col l ege students . The treadmi ll test was begun with the 
subj ects walking at 0 %  grade and a speed o f  3 . 4  mi les per 
hour for the first 2 minutes . Grade was increased by one 
percent every minute until the subj ect was unable to 
continue . On the b icycle ergometer test the subj ect 
pedaled at 60 revolut ions per minute . An increase of 1 8 0 
kilograms per minute every tw� minutes was admini stered 
until the subj ect was unable to continue . The mean V02max 
values were s igni ficantly higher on the treadmill compared 
to the bicycle ergometer ( 4 2 . 7  mi l l i l iters per kilogram per 
minute and 3 8 . 5  mil l i l iters per kilogram per· minute , 
respective ly ) . 
Using 1 7  college-age males , Miyamura and Honda 
( 197 2 ) compared the vo2max values obtained from a constant 
loading and a stepwise incremental loading treadmi l l  and 
bicycle ergometer test . The treadmil l speed and the 
bicycle ergometer load were such that maximal e f forts would 
be reached in four to eight minutes . The treadmi l l  
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constant l oading test consisted of  a speed o f  18 0 to 2 0 0  
meters per minute an� 8 . 6% grade . The incremental loading 
treadmil l  test util ized a two minute warmup at 1 5 0  to 1 7 0  
meters per minute a t  8 . 6% grade . After the warmup , the 
speed was increased 10 meters per minute each minute unt il 
exhaustion . The constant loading bicycle test involved 
pedal ing at 6 0  revolutions per minute and the workload· 
varied from 12 6 0  to 162 0 kilograms per minute depending on 
the subj ect ' s  level of fitness . The incremental loading 
bicycle test began with a two minute warmup at 6 0  
revolut ions p e r  minute and a load of  9 0 0  t o  12 0 0  kilograms 
per minute . The workload was increased by 18 0 kilograms 
per minute each minute unt il exhaustion a fter the warmup 
period . The mean vo2max values for the treadmill tests 
were not s igni ficantly dif ferent between the incremental 
loading ( 3 . 9 5 l iters per minute ) and the constant load ing 
technique ( 3 . 8 9 l iters per minute ) . For the b icycle 
ergometer test , the vo2max value on the incremental loading 
was 3 . 3 7 l iters. per minute apd for the constant l oading 
3 . 58 l iters per minute ; a signi ficant di fference . A 
signi ficant d i fference was also found between vo2max values 
from the treadmill compared to the bicycle ergometer with 
the treadmill  el iciting higher values . There fore ; it is 
best to use the treadmill for el icitation of V02max values . 
S igni ficantly higher V02max values from a treadmi l l  
test versus a bicycle ergometer test ·were al so found by 
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McKay and Bani ster ( 19 7 6 ) . Five males with a mean age o f  
2 4 . 8  + 2 . 5  years were tested o n  4 maximal treadmil l tests 
and 4 max imal bicycle ergometer tests . The d i fferences 
between the tests were in the pedaling rate and the 
treadmil l  speed . Subj ects pedaled at 6 0 , 8 0 , 1 0 0 , and 12 0 
revolutions per minute on the Monark b icycle ergometer for 
the four bicycle tests . The workload began at 9 0 0  kilo­
grams per minute and increased by 3 0 0 kilograms per minute 
every 2 minutes . Subj ects continued until  they could not 
maintain the des ired pedal ing rate . The treadmil l  test 
cons isted o f  subj ects running at 6 ,  6 . 5 ,  7 ,  and 7 . 5  miles 
per hour . The test was begun at 0% grade and increased by 
2 . 5% each minute until  the subj ect could no l onger 
continue . The treadmill test el ic ited higher maximum 
oxygen uptake values versus the bicycle ergometer values 
( 6 3 . 2 8 + 1 . 7 2 mil i il iters per kilogram per minute and 58 . 7  
± 1 . 8 3 mil l il iters per kilogram per minute , respectively ) .  
The speed o f  the treadmi ll appears to have l ittle e f fect on 
vo2max when increas ing grade is used as a l oading ef fect 
since there was no signi ficant di fference in values 
obta ined from the four di fferent treadmil l  speeds . On the 
bicycle ergometer significant differences were only found 
between pedal ing rates of 6 0  revolutions per minute and 8 0  
revolutions per minute and 8 0  revolutions per minute and 
12 0 revolutions per minute . 
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All o f  the l iterature reviewed in thi s  section 
revealed s ign i ficantly higher vo2max values from treadmi l l  
tests compared t o  bicycle ergometer tests . I s  the treadmil l 
a better mode to use for determination o f  maximum oxygen 
uptake than the b icycl e  ergometer? Both the treadmil l  and 
bicycle ergometer have advantages and disadvantages . Some 
advantages of the bicycle are it is inexpens ive , portabl e , 
and eas ily cal ibrated . Whereas , the treadmi l l  is expen­
s ive , not portable , and is more dif ficult to cal ibrate 
( Krahenbuhl , Skinner , & Kohrt , 19 8 5 ) . The b ike has the 
advantage o f  the subj ects ' head being held reasonably sti l l  
s o  direct breath analyzers can b e  used eas ily and not 
affect the test . On the treadmil l , the hoses connect the 
mouthp iece valves to the analyzers and this  can possib ly 
l imit the natural upper body movement ( Ca�dus , 1 9 7 8 ) . The 
treadmi l l  uses a larger muscle mass , whereas , the bicycle 
ergometer uses a smal l er muscle mass which can cause l ocal 
fatigue and end the test before reaching vo2max . The 
bicycle ergometer is di fficult for children to use s ince 
they need to ma intain cadende for proper workl oad . 
However , the treadmil l  is suited for chi ldren with no 
mod i fications ( Krahenbuhl et a l . ( 19 8 5 ) . Al so , Shephard · 
( 19 8 4 )  pointed out that the treadmi l l  is used most o ften 
for vo2max testing , therefore , there are more norms to 
which the results can be compared . 
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Continuous and Discontinuous Testing 
To obtain an accurate measurement of vo2max a test 
that exerc i ses the subj ect to exhaustion is necessary . A 
number o f  d i fferent protocol s have been des igned to · do 
this . The two most common protocols are the continuous and 
discont inuous . A continuous protocol involves progressive­
ly increas ing workloads with no rest periods . A d i scon­
t inuous protocol al so involves progressively increas ing 
workloads but alternates rest periods and work periods . A 
number o f  studies have been completed examining continuous 
and discontinuous treadmill protocols . 
Us ing continuous and discontinuous protocols , 
Maksud and Coutts ( 1 97 1 )  compared the maximum oxygen uptake 
of 2 0 mal es ages 17 to 3 0  years . The cont inuous test began 
with a 10 minute warmup at 3 . 5  miles per hour and 0% grade 
followed by a 5 minute rest . The test c·ontinued with the 
subj ects running at zero percent grade and seven miles per 
hour . The grade was increased by 2 . 5% each minute until 
exhaustion . The discontinuous test also ut i l i z ed a 1 0  
minute warmup a t  3 . 5  miles per hour , but with 1 0 %  grade . 
Foll owing a short rest , subj ects ran at one o f  s ix grades 
( 2 . 5% ,  5 % , 7 . 5 % ,  1 0 % , 12 . 5% ,  and 15% ) which were randomly 
ass igned .  The speed o f  the treadmil l was ma inta ined at 
seven miles per hour and the subj ect worked for three 
minute periods . . The remaining workl oads were completed on 
succeeding days until  a di fference of less than 1 5 0  cub ic 
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cent imeters per minute in vo2max were found between 
consecutive treadmil �  grade increases . The cont inuous 
protocol produced a mean vo2max of 55 . 6  + 7 . 7  mil l il iters 
per kilogram per minute and the discontinuous protocol 
produced a mean V02max of _55 . 2 + 6 . 8  mil l il iters per 
kilogram per minute . The difference was not s igni ficant . 
No s igni ficant di fference in vo2max from continuous and 
discontinuous protocols was also found by McArdl e ,  Katch , 
and Pechar ( 19 7 3 ) . Fi fteen male col lege students were the 
subj ects who performed six test protocol s .  The first test 
was a cont inuous bicycle test . Subj ects pedal ed at 6 0  
revolutions per minute with a n  increase o f  1 8 0  kilograms 
per minute every two minutes until subj ects • pedal rate 
dropped below 4 7  to 50 revolutions per minute . On the 
discontinuous b icycl e  test subj ects pedaled at 6 0  revo lu­
tions per minute with 2 kilograms of  res istance for a 5 
minute warmup followed by a 10  minute rest . The res istance 
was increased to three kilograms for the next f ive minute 
workload and thereafter was increased a hal t  a kilogram for 
each workload . The test was terminated when the subj ect . 
was unable to continue . The continuous Balke treadmi l l  
test was carried out at a constant speed o f  3 . 4  mil�s pe� 
hour and began at 0%  grade . The grade was increased by one 
percent each minute until  the subj ect could not cont inue . 
The Mitche l l , Sproule ,  and Chapman ( 19 57 ) discont inuous 
tre·admi l l  test was also uti l i z ed and has been described 
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previously in this review . Another continuous treadmil l  
test cons isted o f  the subj ect running a t  a constant speed 
o f  six mi les per hour and a starting grade o f  z ero percent 
for two minutes . The grade was increased 2 . 5 % every 2 
minutes unti l  the subj ect could no longer cont inue . 
Another discontinuous treadmill test consi sted o f  running 
at 6 miles per hour at 2 . 5% grade for 5 minutes as a 
warmup . Five minute work stages , 2 . 5 % higher than the 
prev ious one were alternated with 10 minute rest intervals 
until  the subj ect could no longer continue . The vo2max 
values obtained were as fol�ows : discontinuous bicycle 
test - 5 0  ± 6 . 9  mil l i l iters per kilogram per minute ; 
cont inuous b icycle test - 4 9 . 9  ± 7 mi l l i l iters per ki l ogram 
per minute ; Mitchel l ,  Sproule ,  and Chapman test - 5 6 . 6  ± 
7 . 3  mi l l il iters per kil ogram per minute ; Balke test - 5 3 . 7  
± 7 . 5  mi l l i l iters per kil ogram per minute ; discont inuous 
treadmill  test - 56 . 6  ± 7 . 6  mil l il iters per kil ogram per 
minute ; and continuous treadmil l  test - 55 . 5  ± 6 . 8  
mil l il iters per kil ogram per minute . The bi�ycle ergometer 
vo2max values were s igni ficantly lower than the treadmi l l  
values . No s ign i ficant dif ferences were found between the 
discontinuous treadmil l  test , the continuous treadmil l  
tests , and the Mitchell , Sproule ,  and Chapman test . 
In 1 9 7 8 , Fardy and Hellerste in also studied vo2max 
e l icited from di scontinuous and cont inuous treadmi l l  
pro·tocols . Twelve mal e  subj ects ( 4 2. 3 ± 9 .  9 years ) were 
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tested three t imes with the order of the tests randomly 
ass igned . The first test was for famil iari z ati on . For 
the continuous protocol , subj ects walked at two miles per 
hour and zero percent grade the grade was increased every 
three minutes as  fol lows : 3 . 5% ,  7 % , 10 . 5 % ,  1 4 % ,  1 7 . 5 % ,  
12 . 5% ,  1 5 % , 17 . 5% ,  and 2 0% . The speed rema ined at two 
miles per hour until  the seventh three minute stage when it 
was increased to three miles per hour . The discontinuous 
protocol fol l owed the same procedure as the continuous 
protocol with the inclusion of a three minute rest between 
each stage . The continuous test produced a mean vo2max of  
4 0 . 7  mil l il iters per kilogram per minute and the 
discontinuous test 3 9 . 5  mil l il iters per kil ogram per 
minute . The dif ferences was not signi ficant . 
Confl ict ing results were reported by , Froel icher , 
Brammel , Davis , Noguera , stewart , and Lancaster ( 1 9 7 4 ) who 
did find a s igni f icant difference between discont inuous and 
continuous protocols . The subj ects were 15  mal es with a 
mean age o f  3 2 years . The subj ects performed the Bruce 
protocol , the Balke protocol , and a modi fied Taylor 
protocol three times each over a nine week period . The 
continuous Bruce protocol has been described previously in 
this review . Al so continuous in nature , th� Ba lke 
protocol cons isted of a constant speed of 3 . 3  miles per
 
hour beginning at 1% grade . The grade was increased one 
percent every minute until exhaustion . · The mod
i f ied Tayl or 
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protocol cons isted of  a speed o f  seven miles per hour 
beginning at a grade of zero percent . The grade was 
increased every 3 minutes by 2 . 5 % unti l  subj ect could not 
continue . A f ive minute rest period fol l owed each 
workload . The mean vo2max values were 4 4 . 3  + 5 . 9 · 
mil l il iters per kilogram per minute for the Bruce protocol , 
4 2 . 8  + 5 . 2 mil l i l iters per kilogram per minute for the . 
Balke protocol , and 4 7 . 4  ± 6 . 1  mill il iters per kilogram per 
minute for the Tayl or protocol . The Taylor p rotocol , wh ich 
was discontinuous , el icited signi ficantly higher vo2max 
values than either the Bruce or Balke protocols which are 
cont inuous . A plateau was demonstrated in 3 3 %  o f  the 
Taylor protocol tests while only 1 7 %  on the Balke protocol 
and 7 %  on the Bruce protocol . 
Maximum Oxygen Uptake in Children 
As has been i�enti fied in the previous sections 
vo2max can be measured in a variety of ways in adults but 
many questions have been ra ised about the rel iab i l- ity of 
measuring vo2.max in chi ldren . Measuring vo2max in chi ldren 
is more d i f ficult than in adults because of the un­
fami l iarity of children with maximal efforts . Ident i f ica­
tion of a plateau in vo2 with increasing workl oads has been 
the criteria for vo2max in many studies . The ev idence of a 
plateau has been seen less in children than in adults 
( Paterson , cunningham , & Donner , 19 8 1 ) . Many factors can 
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account for the failure to attain a plateau i ncluding l ack 
o f  e ffort by the child , poor definition o f  the appropriate 
criteria for a plateau or poss ibly another factor not yet 
ident i f ied . Despite these problems a number o f  studies 
have been carried out examining vo2max in chi l dren . 
The b icycle ergometer was the mode o f  exercise used by 
Wilmore and S igerseth ( 19 67 ) to determine i f  any phys iolog­
ica l  dif ferences exist among girl s ages 7 to 13 years based 
on their maximum oxygen uptake values . Three test ing 
sessions were conducted with the first one used as a 
famil iariz ation . During the last two sess ions , a work 
capac ity test on a bicycle ergometer was performed . The 
test cons isted of a starting workload of o kilogram meters 
per minute per min and pedal ing rate of 50 revolutions per 
minute with 1 5 0  kil ogram meters per minute increases in 
workloads every minute until  exhaust ion . The mean vo2max 
values for the 7 to 9 year old subj e�ts was 5 3 . 5  ± 6 . 5  
mil l i l iters per kil ogram per minute ; 10 to 1 1  year old 
subj ects 5 0 . 7  ± · 5 . 9  mi l l i l iters per kil ogram per . minute ; 
and 12 to 1 3  year old subj ects 4 8 � 7  + 8 . 7  mil l il iters per 
kilogram per minute . When V02max was expressed in l iters 
per minute it was inversely related to age and independent 
of  work capacity . As girl s reach puberty thei r  body we ight · 
and l ean body mass ratio decreases and the authors suggest 
that this could cause lower vo2max in mil l i l iters per 
kilogram per minute in the older girl s . 
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Nagle , Hagberg , and Kamei ( 19 7 7 ) also used the 
bicycle ergometer along with the treadmill to determine 
V02max o f  girls as wel l  as boys . The subj ects were 12 0 
boys and 12 0 girls 14 to 17 years of  age . Subj ects 
completed a 5 minute ride on the bicycle ergometer at 
submaximal workloads of 4 5 0  kilogram meters per minute for 
girls and 6 0 0  kilogram meters per minute for boys . In ·the 
fi fth minute , heart rates were taken for 1 5  seconds and 
used in the Astrand-Rhyming Nomogram to predict vo2max . 
The treadmil l  protocol cons isted of  a constant speed of  
five , s ix ,  or  seven miles per hour . The speed was 
establ ished from the predicted vo2max on the submaximal 
bicycle ergometer ride . Grade was increased by two percent 
every minute with girls starting at zero percent and boys 
at two percent . This procedure continued unt il the subj ect 
was exhausted . The mean vo2max for the girls was 4 0 . 8  ± 
4 . 0  mil l il iters per kil ogram per minu�e and for the boys 
was 54 . 7  ± 5 . 6  mi l l il iters per kilogram per minute . This 
dif ference was s igni ficant . 
Gil l iam ,  Katch , Thorland , and Weltman ( 1 9 7 7 ) used a 
bike ergometer to measure vo2max in 4 7  boys and girls . 
They also examined cardiovascul ar risk factors in th� 7 to 
12 year old children by doing a complete medical and 
phys ical evaluat ion . A blood sample was taken for deter­
mination of serum cholesterol , triglycerides , and b l ood 
l ipids . Each child participated in hydrostat ic we i
ghing to 
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assess percent body fat and l ean body mass . A bicycl e  
ergometer test was completed t o  determine peak vo2 . The 
test started at zero load and every three minutes was 
increased one-hal f kil opond with the pedal ing rate ma in­
tained at 60 revolutions per minute . The subj ects con­
tinued unti l  exhaustion . During each minute o f  the test 
oxygen uptake was measured by the open circui t  spirometry 
method . The 7 to 8 year old subj ects had a mean peak vo2 
of 3 4 . 4  mil l i l iters per ki logram per minute , the 9 to 1 0  
year olds 3 8 . 2 mil l i l iters per kilogram per minute , and the 
11 to 12 year olds 4 3 . 3  mil l i l iters per kil ogram per 
minute . Eleven percent of the children were class i fied as 
having low work capacities . Nineteen percent o f  the 
children were greater than 2 0%  body fat and 1 0 . 6 %  were 
greater than 2 5 %  body fat . Elevated chol estero l leve l s  ( >  
2 00mg percentj l O Omil l i l iters ) were observed in 1 0 . 5 % o f  the 
children and elevated triglycerides ( ?  10 0mg 
percent/ 1 0 0mi l l il iters ) were found in 1 8 %  o f  the children . 
Twenty- five percent of the chi ldren had a fami l y . history of  
cardiovascular disease . 
Krahenbuhl , Pangraz i ,  Petersen , Burkett , and 
Schne ider ( 19 7 8 )  examined the relationship between vo2max 
values obtained from a treadmill test and timed d istance 
runs of  8 0 0 , 12 00 , and 1 6 0 0  meters . The purpose wa s to 
determine the val idity of us ing the runs to predict 
cardiorespiratory fitness . Subj ects were 6 9  mal e  and 4 8  
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female f irst , second � and third grade chi ldren . The order 
of the tests was randomly assigned to the subj ects and they 
completed one run each week . The treadmil l  test consi sted 
of a speed set at 1 15 meters per minute with the grade at 
0% for the f irst four minutes . The grade was increased by 
two percent every minute thereafter until  subj ect was 
unable to cont inue . The 1 6 0 0  meter run was the best 
predictor of vo2max . The mean vo2max for mal es was 4 5 . 2 ± 
6 . 4  mil l i l iters per kilogram per minute and for females was 
4 1 . 2 ± 6 . 5  mil l il iters per kilogram per minute . The 
difference was s igni ficant . ·- Plateaus were observed in 7 1% 
of  the ma les and 7 0 . 8 % of the females . 
Plateaus were not observed at such a high per-
centage when cunningham , VanWaterschoot , Paterson , Le fcoe , 
_and Sangel ( 19 7 7 ) attempted to . determine i f  a true pl ateau 
could be attained in young boys . The subj ects were 1 0  year 
old hockey players ( n=6 6 ) . The boys �ere tested during 
midseason ( T 1 )  and postseason ( T2 ) .  The treadm i l l  test was 
begun at a speed of  4 . 1  mi les per hour and 0 %  gr�de . The 
grade was increased by 2 . 5 % every 2 minutes unt i l  
exhaustion . After testing the subj ects were grouped 
according to whether or not a plateau in V02 had been 
atta ined . The groups were : no plateau , plateau in T l  or 
T2 , and plateau in Tl and T2 . It was observed that only 
3 8 %  of the subj ects reached a plateau . There were no 
s igni ficant d i f ferences in any of the groups ' mean V02max 
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values at e ither testing t ime . This reflects that the 
attainment o f  a plateau in boys of this age i s  not neces-
sary for establ ishment of  vo2max . 
The subj ects uti l i zed by Skinner , Bar-or , Bergstei -
nova , Bel l , Royer , and Buskirk ( 19 7 1 )  were 8 3  boys and 6 1  
girls ages 6 to 1 5  years . Each subj ect was randomly 
assigned to perform one of  the three treadm i l l  tests for 
el icitation of vo2max . All tests included a three minute 
warmup at 7 . 5 % grade and 3 . 5 mi les per hour . Test A was 
begun at 1 0 %  grade and 3 . 5  mi les per hour . There was a 
2 . 5% increase in grade every 2 minutes unti l  exhaustion . 
Test B was the same as Test A except grade increased 2 . 5 % 
every 3 minutes instead of  every 2 minutes . Test c 
cons isted of  the subj ects walking for 4 minutes at 15% 
grade and 3 . 5  mil es per hour then rest fol l owed by a rest 
for 10 minutes . Every 4 minutes the grade was increased by 
2 . 5% with speed maintained at 3 . 5  mi�es per hour until 
exhaustion . The girls ' vo2max values were : Test A - 4 3 . 0  
± 6 . 9  mil l i l iters per kilogram per minute ; Test � - 4 5 . 7  ± 
5 . 1 mil l i l iters per kilogram per minute ; and Test c - 4 4 . 8  
± 6 . 2 mil l i l iters per kilogram per minute . The boys ' 
vo2max values wer� : Test A - 5 1 . 6  + 7 . 0  mil l i l iters per 
kil ogram per minute ; Test B - 50 . 0  ± 5 . 5  mi l l i l iters per 
kilogram per minute ; and Test C - 5 3 . 0  ± 4 . 3  m i l l i l iters 
per kilogram per minute . Four age groups were establ i shed 
between 6 and 1 5  years and simi lar V02max _ values were found 
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in all  groups for �he 3 tests . From the data , the authors 
identi fied that a speed of 3 . 4  mil es per hour requ i res 6 to 
8 year old chi ldren to walk inefficiently and suggest that 
possibly a 3 miles per hour speed would be better . 
Paterson , Cunningham , and Donner ( 19 8 1 )  were a lso 
concerned about the speed of the treadm i l l  when studying 
V02max in 8 boys 1 0  to 12 years old . They examined at 
attainment of  a plateau in oxygen uptake using three 
different treadmil l  speeds . Each subj ect compl eted nine 
maximal tests , three for each protocol .  Al l protocols were 
continuous with an initial grade of 0%  and increases o f  
2 . 5% every 2 minutes , but us ing di fferent speeds . The 
treadmill  speeds were 3 . 4 mi les per hour walking , 4 . 1  miles 
per hour j ogging , and 4 . 9  miles per hour running . The 
results revealed the walking test el icited a mean V02max o f  
55 . 5  + 5 . 0  mil l i l iters per kilogram per minute , the j ogging 
test a mean of 5 7 . 9  ± 4 . 4  mil l il iters . per kilogram per 
minute , and the running test a mean of 59 . 5  ± 5 . 4  
mil l i l iters per kil ogram per minute . The d i f ferences were 
only s igni f icant between the walk and run protocol s . 
Maximal values were not el icited during the wal k  test , 
there fore , it may not be appropriate to use it to measure 
vo2max in children . In nine walking tests , f ive j ogging 
tests ,  and seven running tests plateaus in oxygen uptake 
were atta ined . The authors suggest that a discontinuous 
test may be more rel iable than a continuous test in 
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determining maximum oxygen uptake in children s ince a 
plateau is apparent in a greater proport ion o f  subj ects 
us ing a discontinuous protocol .  They did indicate that the 
h ighest vo2 measured (peak vo2 ) using the j ogging or 
running protocol was as consistent as the vo2max measure­
ment observed in adult groups . It appears that the 
motivation of young boys for maximal exercise is stable and 
vo2max can be assumed without need for a pl ateau in oxygen 
consumption . 
Interest in the criteria for the ach ievement o f  
vo2max lead Sheehan , Rowland , and Burke ( 1 9 7 8 ) to uti l i z e . 
four d i f ferent treadmi ll protocols for e l ic itation of  
vo2max in  1 6  boys ages 10  to  12 years . They were tested on 
the treadmi l l  on four different occas ions with 7 to 10 days 
between tests . The continuous walking test involved 
subj ects walking at three miles per hour . and s ix percent 
grade . Grade was increased two perc�nt every three minutes 
and speed remained constant . For the cont inuous runn ing 
protocol ,  speed was constant . at five mi les per hpur and 
grade started at zero percent . Grade was increased two 
percent every three minutes . In the intermittent running 
test , subj ects rari at a constant speed o f  f ive miles per 
hour at two percent grade with a two percent grade increase 
every three minutes . The subj ects walked at 2 . 5  mi les per 
hour for the 3 minute rest period . The cont inuous runn ing 
while holding handrails  protocol cons isted o f . a constant 
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speed f ive miles per hour and four percent grade with a 
grade increase o f  two percent every minutes . The three 
running tests el icited significantly higher vo2max values 
compared with the continuous walking protocol ,  but did not 
di ffer s igni ficantly from each other . A p lateau in vo2 was 
obta ined more often in the running protocol s  with the 
intermittent running protocol having 6 9 %  of the subj ects 
reaching a plateau compared to 56%  of the subj ects in the 
continuous test . The mean vo2max values were : cont inuous 
walk - 4 3 . 1  ± 6 . 1 mil l i l iters per ki l ogram per minute ; 
continuous run - 4 7 . 8  ± 4 . 2 mi l l i l iters per kilogram per 
minute ; intermittent run - 4 8 . 8  ± 5 . 0  mi l l il iters per 
kilogram per minute ; and the handra il  run - 4 6 . 7  4 . 3  
mi l l i l iters per ki logram per minute . The d i f ferences were · 
not s ign i ficant . 
Ferrar ( 19 8 5 )  found a significant difference 
between vo2max values el icited from continuous and di scon­
tinuous treadmi l l  protocols in the lab where the present 
study was compl eted . Thirteen females with a m�an age of 
8 . 8 8 ± . 8 2 years were tested on both a cont inuous and 
discontinuous treadmi l l  protocol . The cont inuous test 
uti l i z ed a constant speed of 4 . 1  miles per hour and began 
with a grade of o% with a 2 . 5 % increase every 3 minutes 
until  exhaust ion . The discontinuous test also ut i l i z ed · a 
constant speed of  4 . 1  mi les per hour and began at 0 %  grade . 
A five minute rest period fol lowed each three minute 
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workload . The grade was increased by 2 . 5 % every 3 minutes . 
Thi s  was continued until subj ect was exhausted or a plateau 
( 2 . 1  mil l il iters per kilogram per minute increase in vo2 or 
l ess ) between consecutive workloads was atta ined . The mean 
V02max for the continuous protocol was 4 7 . 4 9 + 5 . 7 4 
mil l il iters per kilogram per minute and for the 
discontinuous protocol was 51 . 7 6 ± 6 . 2 2  mi l l il iters per· 
ki logram per minute . The difference was signi f icant . 
Plateaus in vo2 were observed in only 2 o f  the 1 3  during 
the continuous test , whereas , 1 1  of the 13  subj ects reached 
a plateau during the discontinuous test . The current study 
is a repl ication o f  this study since there was a constant 
error built into the metabol ic measurement system result ing 
in inflated vo2max values and reduced resp iratory exchange 
ratios . 
summary 
Maximal oxygen uptake or vo2max is atta ined when 
two consecut ive measurements separated by a 2 . 5 % �rade 
increase differ by 2 . 1  mil l il iters per kil ogram per •inute 
or less are observed (Taylor et al . 19 5 5 ) . Both cardiac 
output and A-vo2 di f ference l imit V02max with cardiac 
output probably being the most important . It was found 
that a fter maximum heart rate is attained it appears oxygen 
uptake continues to rise . The prediction o f  V02max from 
maximum heart rates can therefore underest imate V02max 
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(Mitchell  et al . 1 9 57 ) . The time for establ i shment of  a 
plateau in  vo2 depends on the workload . For l ighter 
exercise the workload should last at least f ive minutes 
whi l e  heavier exerc ise could result in maximum values a fter 
one mipute o f  exercise ( Astrand & Saltin 19 6 1 ) . 
The bicycle ergometer and the treadmil l have been 
util ized most extens ively when measuring vo2max . Cons is­
tently , vo2max obtained from treadmill tests are higher 
than those obtained from the bicycle ergometer tests 
( Glassford et al . ,  19 6 4 ; Hermansen & Saltin , 19 6 9 ; McArdle 
& Magel , 19 7 0 ; Miyamura & HOnda , 197 2 ; McKay & Ban ister , 
19 7 6 ; Keren et al . ,  19 8 0 ) . 
The two ma in categories of  protocols used for 
e l icitation of  vo2max are continuous or discontinuous . The 
Froel icher et al . ( 19 7 4 ) study. was the only one rev iewed 
that found s ign i ficant differences in vo2 max values 
obtained from a continuous and discontinuous protoco ls 
us ing adults . When us ing children as subj ects , Ferrar 
( 19 8 5 )  found s igni ficantly higher V02max values from the 
discontinuous compared to the continuous test . Ferrar 
( 19 8 5 )  was the only study reviewed that used young girls as 
subj ects . 
The criteria for attaining maximal oxygen tiptake is 
a plateau in vo2 with increas ing workl oads is seen l ess in 
children than in adults . Cunningham et al . ( 19 7 7 ) had only 
3 8 %  of  his subj ect atta in plateaus . Paterson et al . ( 1 9 8 1 )  
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felt that the discontinuous test was better for atta ining a 
plateau in vo2 , but also felt it may be unrea l istic for 
children to attain a plateau . This was in agreement with 
Ferrar ( 19 8 5 )  s ince only 2 o f  the 13  subj ects on the 
cont inuous atta ined a plateau and 11 of the 1 3  subj ects on 
the discontinuous attained a plateau . 
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CHAPTER I I I  
METHODS AN D  PROCEDURES 
I n formation regarding the subj ects , fac i l ities , 
equipment , testing procedures and the statist ical analyses 
are presented in thi s  chapter . · 
Subj ects 
The subj ects were 14 prepubescent females ages 8 ,  9 ,  or 
10 years from Colman , South - Dakota . The subj ects were 
recruited by the researcher to take part in a study that 
compared vo2max values el ic ited from continuous and 
discontinuous treadmil l  protocol s .  The researcher taught 
in the Colman School during the previous two years and had 
the subj ects in her phys ical education classes . The 
researcher went to the Colman School and asked for volun-
teers to participate _ in the study . A meet ing was held with 
the parents o f  the subj ects b� fore the testi�g b�gan to 
explain procedures , s ign the informed consent form (Appen­
dix A) , set up testing times , and make transportati on 
arrangements . The mean weight of the subj ects was 3 0 . 6  ± 
4 . 7  kilograms with a range of 2 3 . 2 to 4 1 . 5  kilogra�s . .The 
mean height was 1 3 4 . 2 ± 4 . 8  centimeters with a range o f  
12 1 . 0  t o  14 2 . 0  centimeters . The mean age o f  the subj ects 
was 8 . 9  + . 4 4 years with a range o f  8 . 3  to 1 0 . 0  years . 
These descriptive statistics are presented in Tabl e  1 .  
Facil ities 
The Human Performance Lab , located in the Stanl ey 
J .  Marshal l  Health , Phys ical Education , and Recreat ion 
Center at South Dakota State Univers ity , was the s ite o f  
a l l  the test ing for the el icitation o f  maximum oxygen 
uptake . The air temperature in the lab was mainta ined at a 
constant 2 1 degrees Centigrade . The barometric pressure 
ranged from 7 0 7  to 7 2 5 mill imeters of mercury . The 
relative humidity ranged from 3 8 %  to 5 0 % . These variat ions 
were taken into account for al l calculations of vo2max and 
should not have a ffected the results o f  this study . 
Equipment 
Al l testing was completed on a motor-driven 
treadmill  with maximal oxygen uptake determined us ing the 
open circuit method . The treadmil l  was a Quinton Q65  
treadmil l  with a 645  control ler which fac i l itated the pre­
programming of testing protocols . A Hans-Rudolph two-way 
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Var iable 
Weight ( kg )  
Height (em) 
Age ( years ) 
TABLE 1 
Descriptive Statistics of  Subj ects 
Mean 
3 0 . 6 
1 3 4 . 2 
8 . 9  
Standard Deviation Range 
4 . 7  2 3 . 2 - 4 1 . 5 . 
4 . 8  12 1 . 0 - 1 4 2 . 0  
. 4 4 8 � 3  - 10 . 0  
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valve model 2 7 0 0  with a headgear support and mouthpiece was 
used to facil itate exp ired gas collect ion � A spring-type 
nose cl ip was used to ensure resp iration through the valve 
system . I nsp ired a ir was measured by a Rayfield RAM-9 2 0 0  
a ir flow meter .  Exp ired air passed through a Phys ic-Dyne 
Instruments seven l iter mixing chamber with samples drawn 
through oxygen and carbon dioxide analyzers at a flow rate 
of 5 0 0  mil l il iters per minute . An Amatek CD- 3 A  carbon 
dioxide analyz er and an Amatek S-3A oxygen analyzer were 
used for determination of the composition o f  the exp ired 
air . The barometric pressure was measured on a Nova 
barometer made by Prince of Southampton , Pennsylvania and 
the temperature was read from the thermometer on this same 
instrument . The relative humidity was determined from a 
sl ing psychrometer from Bacharach of Pittsburgh , 
Pennsylvania . The analyzers were cal ibrated be fore and 
after each test with known concentrations o f  gas cert i f ied 
by Scotts Spec ialty Gases , Tol edo , Ohio . Four electrodes 
were placed on the subj ects be fore each test us ing standard 
exercise l imb lead locations . Heart rates were monitored 
on lead I I I  us ing a Marquette Electronics ECG Monitor , 
Series 4 0 0 0 . Al l metabolic measurement data were reduced 
us ing the Rayf ield Data Acquis ition System ( RE P  2 0 0 -C ) on a 
Apple II+ micro computer . As this system rece ives constant 
input from the gas meter , and the oxygen and carbon dioxide 
anaiyz ers dur ing the testing calculations o f  all  metabol ic 
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measurement variables occur on an on-going basis . The 
fixed variables o f  barometric pressure , temperature , and 
relative humidity were entered into the computer prior to 
each test . 
Testing Procedures 
Famil iari zation Sess ion 
Prior to testing the temperature ( degrees Cen-
tigrade ) , barometric pressure (mill imeters of mercury ) , and 
relative humidity ( percent ) were determined and recorded 
and the oxygen and carbon dioxide analyzers were cal ibra-
ted . The two-way valve , mo�thpiece , and nose cl ip were 
steri l iz ed prior to each test . 
When the subj ect arrived her weight and age were 
recorded . The testing procedures were carefu l ly expla ined 
and the subj ect was given the opportun ity to ask any 
questions . The subj ect had a chance to wa lk on the 
treadmil l  for a several minutes in order to become ac-
qba inted with the task before testing . 
Heart rate was monitored . us ing standard l imb lead 
exerci se el ectrode locations . The arm electrodes were 
placed in the infraclavicular fossa and the l eg electrodes 
at the level of  the il iac crest on the mid-cl avicular l ine . 
Each s ite was first wiped with rubb ing alcohol and l ightly 
abraged with f ine sand paper prior to electrode placement . 
When ready the subj ect stepped onto the treadmi l l  
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with her feet to the · s ide o f  the belt . The mouthpiece , 
two-way valve , headgear , and nose cl ip were p laced on the 
subj ect and adj usted . The treadmill belt was started at 
1 . 3  miles per hour . Holding onto the rai l s  the subj ect 
stepped onto the belt . When she could walk normal ly and 
remove her hands from the ra ils the test was initiated by 
press ing the " start exerc ise" button on the treadmill  .. 
control ler . 
The famil iari zation test ut i l i z ed the same protocol 
as the cont inuous test wh ich employed a constant speed o f  
4 . 5  miles per hour and was begun at 0 %  grade . The test 
proceeded with a 2 . 5 % grade increase every 2 m inutes unt il 
the subj ect indicated she could continue no l onger . 
Throughout the test the metabol ic variables o f  vo2max in 
l iters per minute and mil l i l iters per kil ogram per minute , 
minute ventilat ion ,· resp iratory exchange ratio , ana heart 
rate were calculated and recorded ev�ry 6 0  seconds . When 
the subj ect f inished the test the mouthp iece , two-way 
valve , headgear ; and nose cl ip were removed . Th� subj ect 
walked on the treadmi l l  for several minutes to cool down 
after the testing . Electrodes were removed a fter the cool 
down . 
During al l testing at least two invest igators were 
always present . One invest igator weighed the subj ect , 
placed electrodes , mouthp iece , two-way valve , headgear , and 
nose c l ip on the subj ect prior to the start o f  the testing . 
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During the test this investigator stood bes ide the tread-
mill and was respons ible for monitoring the subj ect ' s  
progress and encouraging her . The other invest igator was 
respons ible for monitoring the equipment and recording data 
from the computer . 
Continuous and Discontinuous Testing Sess ions 
The continuous sess ion fol l owed exactly the same 
procedures as the famil iarization sess ion . The d iscon-
tinuous sess ion was s imilar
_
to the continuous sess ion us ing 
the · same speed and the same grade changes , but was d i f­
ferent in regards to test duration . During the di scon­
t inuous test each workload ( change in grade ) was three 
minutes in duration and was fol lowed by a f ive minute rest 
period . The workloads were continued unti l  a p l ateau was 
reached or the subj ect indicated she was no l onger able to 
continue . In  order to control for a learning e f fect the 
order o f  the tests was randomly ass igned . 
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Statis ical Analyses 
A correlated groups t-test was uti l i z ed for the 
determinati on o f  s igni ficant di fferences between vo2max 
( l iters per minute and mil l i l iters per kilogram per 
minute ) , resp iratory exchange ratio , and minute ventilation 
on the cont inuous and discontinuous protocol s . No analys is 
was carried out on the heart rate data as the qual ity o f  
the recording was not cons istent enough t o  ensure accurate 
readings at all  times . The statistical analyses were 
carried out following the formulae presented in Stat ist ics 
for the Behavioral Sciences (pages 2 0 3 -2 0 4 , Jaccard , 1 9 8 3 ) . 
The . 0 5 level of  s igni ficance was used . The independent 
variable was the protocol ( continuous or discont inuous ) 
while vo2max , RER , · and VE were the dependent variabl es . 
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CHAPTER IV 
RESULTS AND DISCUSS ION 
The information presented in thi s  chapter are the 
results o f  continuous and discontinuous treadm i l l  protocol s  
used for e l icitat ion o f  maximal oxygen uptake i n  prepubes­
cent females . A discuss ion of  the results wil l  fol l ow .  
Results 
-
Table 2 contains the means , standard deviations , 
and standard errors of  the means for maximum oxygen uptake 
( l iters per minute and mil l i l iters per kil ograms per 
minute ) , respiratory exchange ratio (RER ) , and minute 
ventilation (VE )  for the continuous and discont inuous 
treadmil l  protocols . 
Maximum oxygen uptake was expressed in both l iters 
per minute ( l iters per minute ) and mil l i l iters per kil ogram 
per minute (mi l � i l iters per kilograms per minute) . · It is 
most appropriate to use the units ' o f  l iters per minute when 
making intra individual comparisons and to use the units of  
mil l i l iters per ki lograms per minute when making interin­
dividual comparisons . The primary purpose o f  th is  study 
was to look at changes within individual s  and there fore 
more emphas is  wil l be placed on the measure in l iters per 
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minute . S ince the weight o f  the subj ects was not di fferent 
for the two tests the results are the same for both units . 
On the continuous protocol a mean vo2max o f  1 . 2 3 l iters per 
minute was determined with a standard dev iation o f  . 1 6 .  On 
the discontinuous protocol a mean vo2max o f  1 . 4 3 l iters per 
minute was determined with a standard dev iation o f  . 2 0 .  A 
s igni ficant d i fference at the . 0 5 level was found between 
the two protocol s .  When expressed in mi l l il iters per 
kilograms per minute the continuous protocol mean vo2max 
was 4 0 . 7  with a standard deviation of 5 . 4 2 . on the 
discontinuous test the mean- vo2max was 4 7 . 3  mi l l i l iters per 
kilogram per minute and a standard dev iation of 7 . 1 1 .  This 
di f ference was also significant at the . 0 5 level . This is 
shown in Tabl e  3 .  
The mean respiratory exchange ratio for the 
continuous protocol was . 9 9 with a standard deviation o f  
. 0 6 .  The mean respiratory exchange ratio for the discon-
tinuous protocol was 1 . 0 1 with a standard deviat ion of . 0 6 .  
These results are presented in Table 2 . At the � a s level 
of  s igni ficance no signi ficant difference in RER was found 
between the continuous and discontinuous protocol s us ing . a 
correlated groups t-test as shown in Tabl e  3 .  
As shown in Table 2 the mean minute ventilation for · 
the continuous test was 3 6 . 0 1 l iters per minute with a 
standard deviation of  4 . 0  l iters per minute . On the 
discontinuous test the mean minute ventilation was 4 1 . 1 
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l iters per minute and a standard deviation of  6 . 0 6 l iters 
per minute . Table 3 shows that at the . 05 l evel there was 
a s igni ficant di fferance in VE obtained from a continuous 
and discontinuous treadmil l  tests . 
Discuss ion 
The discont inuous treadmil l  protocol e l icited 
higher vo2max values than the continuous treadm i l l  protocol 
when ut il i z ing prepubescent females as subj ects in this 
study in both l iters per minute and mil l il iters per 
kilogram per minute . The present study found a mean vo2max 
o f  1 . 2 3 l iters per minute or 4 0 . 7  mil l il iters per
.
ki l ogr-
ams per minute on the continuous protocol and 1 . 4 3 l iters 
per minute or 4 7 . 3  mi l l il iters per kil ograms per minute on 
the discontinuous - protocol . These dif ferences were s ig­
ni ficant . This  supports the findings o f
.
Ferrar ( 1 � 8 5 ) who 
al so found a s igni f icant di fference in vo2max values 6 f  
prepubescent females obta ined from cont inuou? and di scon-
tinuous protocols . Ferrar ( 19 8 5 )  reported mean vo2max o f  
1 . 4 3 l iters p e r  minute and 4 7 . 4 9 mil l i l iters p e r  ki l
.
ograms 
per minute on the continuous test and 1 . 5 5 l iters per 
minute and 5 1 . 7 6  mil l i l iters per kilograms per minute on 
the di scontinuous test . Ferrar ( 198 5 )  reported that her 
vo2max values may be somewhat inflated due to · a constant 
error in the metabol ic measurement system . Th is could 
explain the d i fferences in values between the present study 
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TABLE 2 
Results 
Variable Continuous Discontinuous 
vo2max ( 1/min) 
mean 1 . 2 3 1 . 4 3 
std . dev . . 1 6 . 2 0 
std . error of mean . 08 . 08 
vo2max ( mljkgjmin ) 
mean 4 0 . 7 0 4 7 . 7 0 
std . dev . 5 . 4 2 7 . 1 1 
std . error of mean 2 . 8 0 2 . 8 0 
RER 
mean . 9 9 1 . 0 1 
std . dev . . 0 6 . 0 6 
std . error of mean . 0 8 . 0 8 
VE ( 1/min)  
mean 3 6 . 0 1 4 1 . 1 0 . 
std . dev . 4 . 00 6 . 0 6 
std . error of mean 3 . 6 6 3 . 6 6 
TABLE 3 
Correlated Groups t-test 
Variabl e  
V02max ( 1/min ) 
V02max (mljkg/min ) 
RER 
VE 
df 
13 
13 
13 
13 
*S igni f icant at the . 0 5 level . 
t value 
9 . 17 *  
8 . 8 2 * 
. 9 3 
5 . 19 *  
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and hers . Certainly both studies reflect that discon-
tinuous testing in prepubescent females el icits higher 
vo2max values than continuous testing . 
Froel icher et al . ( 19 7 4 )  also reported results in 
agreement with the present study as they found that a 
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discontinuous protocol e l icited s ign i f icantly higher vo2max 
values than a continuous protocol . However ,  Froel icher et 
al . ( 1 9 7 4 )  used adult males as subj ects . Three protocols 
were used to test the male adults with the Bal ke test ( a  
continuous protocol )  eliciting a mean vo2max o f  4 2 . 8  
mil l i l iters per kilograms per minute , the Bruce test ( a  
continuous protocol )  a mean vo2max o f  4 4 . 3  mi l l i l iters per 
kilograms per minute , and the discontinuous protocol o f  
Taylor a mean vo2max of  4 7 . 4  mi l l il iters per k i l ograms per 
minute . 
Even though Ferrar ( 19 8 5 )  and Froel icher et al . 
( 19 7 4 ) have found results s imilar to the present study that 
discont inuous protocols el icit sign i f icantly higher vo 2max 
values than continuous protocols there are a number o f  
studi es which d o  not support this ( Skinner e t  al . ,  19 7 1 ; . 
Sheehan et a l . ,  1 9 8 7 ; Maksud & Coutts , 19 7 1 ; McArdl e  et 
al . ,  1 9 7 3 ; Fardy & Hel lerstein , 197 8 ) . Skinner et al . 
( 19 7 1 )  found no s igni ficant di fference in V02max values 
from two cont inuous protocols and one discontinuous 
protocol . The subj ects were boys and girl s ages 6 to 1 5 . 5  
years . S ince the present proj ect studied girls only the 
vo2max values for the girls wil l  be reviewed . The two 
continuous test produced mean vo2max values o f  4 3 . 0  
mil l i l iters per kilograms per minute and 4 5 . 7  mil l il iters 
per kilograms per minute . The discontinuous test vo2max 
mean value was 4 4 . 8  mil l il iters per kilograms per minute . 
The present study examined girls ages 8 ,  9 ,  and 1 0  years 
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while Skinner et a l . ( 19 7 1 )  looked at a wider age range of 
girls . The results o f  Sheehan et al . ( 19 8 7 ) are a l so not 
in support o f  the present study ' s  f indings . The e l icited 
mean vo2max values o f  10  to 1 2 year old boys were 1 . 6 1 -
liters per minute and 4 3 . 1  mil l i l iters per kil ograms per 
minute on the continuous walk test , 1 . 8  l iters per minute 
and 4 7 . 7  mi l l il iters per kilograms per minute on the 
continuous run test , and 1 . 8 3 _ l iters per minute and 4 8 . 7  
mil l il iters per kilograms per minute on the intermittent 
run test . Although there were no s ign i ficant d i f fe rences 
in vo2max found among the tests , the intermittent or  
discontinuous test did el ic it the highest value� . The 
differences between the present proj ect and that o f  
Sheehan ' s  e t  a l . ( 19 8 7 ) are that · boys ages 1 0  t o  1 2 years 
were used by Sheehan et al . ( 19 8 7 ) whi l e  prepub es cent girls 
were uti l i z ed in the present study . It is poss ib l e  that 
the response o f  boys and girls  in this age range are 
di fferent . 
The results · o f  the present study a l s o  do not 
support the f indings o f  Maksud and Coutts ( 19 7 1 ) , McArdl e  
e t  al . ( 19 7 3 ) , and Fardy and Hellerstein ( 19 7 8 ) who found 
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no s ign i ficant d i fferences in vo2max values obtained from 
continuous and discontinuous protocols . An e xp lanation for 
the d i fference in the results could be that adults were 
used as subj ects in the above studies and the present .. study 
uti l i z ed prepubescent girls . 
Norma l ly ,  to assure attainment o f  vo2max a plateau 
or l evel ing o f f , o f  vo2 with an increase in grade o f  2 . 5 % 
needs to be observed . A 2 .-1 mil l i l iters per kilograms per 
minute or less increase in vo2 fol lowing an increase in the 
workload i s  the normal criteria for a plateau . On the 
continuous test in this study 8 of the 14 subj ects or 57 % 
atta ined a p l ateau according to the above criteria . This  
finding was not expected and is in  confl ict with a number 
of studies ( Froel icher et al . ,  1974 ; . Cunningham et al . ,  
·1 9 7 7 ; Krahenbuhl et al . ,  1978 ; Paterson et al . ,  19 8 1 ;  
Ferrar , 1 9 8 5 ) . 
Froel icher et al . ( 19 7 4 ) found only 1 7 %  achiev-
ing a plateau on the Balke continuous test and 7% on the 
Bruce continuous test . Adult males were used as subj ects 
in the study as wel l  as di fferent protocol s compared t-o the 
present study . These could be . the reasons for the con� 
fl icting results . 
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Cunningham e t  al . ( 19 7 7 ) observed a greater 
percentage of subj ects attaining plateaus in continuous 
tests than Froel icher et al . ( 19 74 ) , but not as great a 
percentage as the present study . Thirty-eight percent of  
the 6 6  boys who were 1 0  years old demonstrated the criteria 
for a plateau in vo2 • The present study used 8 ,  9 ,  and 10  
year girl s . Except for a faster speed in the present study 
( 4 . 5  mph versus 4 . 1  mph ) the protocols of  the two stud ies 
were the same . 
The results from Paterson et al . ( 19 8 1 )  are also in 
opposition with those of thl.s study . Pl ateaus were 
observed in 9 o f  2 4 continuous walk tests or 3 8 % , 5 o f  2 4 
continuous j og tests or 2 1% , and 7 of  2 4 run tests or 2 9 % . 
Al l of  these percentages were lower than the present study . · 
The protocols d i f fered in speed only as the grade and 
increases in grade were identical .  The walk ( 3 . 4  .miles per 
hour) and the j og ( 4 . 1  miles per hour) tests were s l ower 
than the present study and the run test ( 4 . 9  miles per 
hour ) was faste·r . The subj ects were also d i ffe�ent as 
Paterson et al . ( 19 8 1 )  used 10 to· 12 year old boys and the 
present study used 8 to 10  year old girls . Ferrar ( 19 8 5) 
reported 2 o f  1 3  · subj ects or 15% atta ining a p lateau on the 
continuous test which is a much lower percentage than the 
present study . The reasons for this confl ict is unclear 
s ince the same protocol was used except for an increase o f  
speed t o  4 . 5  miles per hour instead 6f  4 . 1  mil es p e r  hou� 
used by Ferrar ( 19 8 5 ) . O f  the four studies in  confl ict 
with the percentage of plateaus attained on a continuous 
test Krahenbuhl et al . ( 19 7 8 ) was the only one to f ind a 
higher percentage o f  plateaus on a continuous test . A 
di fferent protocol was used compared to the present study 
and util i z ed 6 to 9 year old boys and girls as  subj ects . 
Krahenbuhl et al . ( 19 7 8 ) used a speed of  1 1 5  meters per 
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minute and 0 %  grade for 4 minutes then increased the grade 
by 2 . 5 % per minute while the speed remained constant . It 
was observed that 49 of 69 boys or 7 1% attained a plateau 
and 3 4  o f  4 8  girls or 7 1% attained a plateau . This is in . 
conflict with the present study as only 5 7 %  reached a 
plateau . Whi l e  these results appear to be somewhat higher 
than those of the present study they also re inforce the 
present study ' s  finding by showing that with young children 
it is pos s ib l e  to see a plateau in more than hal f  o f  the 
subj ects on a continuous test . 
In the present study the discontinuous protoco l 
el icited only 5 · plateaus o f  the 14 subj ects or  3 6 % . This 
was clearly not expected and does not support the f indings 
of Ferrar ( 19 8 5 )  who had 1 1  of 13 subj ects attain a pl ateau 
on the discontinuous protocol .  It is uncl ear why this 
confl ict exists s ince the protocols were the same except 
for a smal l  increase in speed ( 4 . 5  miles per hour)  for the 
present study . Froel icher et al . ( 19 7 4 ) who used adults a s  
subj ects are also not in agreement with th is result .  It . 
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was observed by Froel icher et al . ( 19 7 4 )  that a greater 
percentage ( 3 3 % )  of the subj ects demonstrated a plateau 
during the discontinuous Taylor protocol ,  whereas , only 1 7 %  
during the continuous Balke test and 7 %  during the con­
tinuous Bruce test met the criteria for a plateau . 
The intermittent rcin produced the highest per­
centage of plateaus in the Sheehan et al . ( 19 8 7 ) study . · It 
was observed that 68 . 7 % ,  which was a greater percentage 
than for the other three continuous protocols , reached a 
plateau on the intermittent run test . The discontinuous 
test of the present study and Sheehan ' s  et al . ( 1 9 8 7 ) do 
differ . The Sheehan et al . ( 1987 ) study ut il i z ed a speed 
of 5 miles per hour and 2 % grade increases every three 
minutes , whereas , this study used 4 . 5  miles per hour for 
the speed and 2 . 5% grade increase every 3 minutes . The 
rest periods for the protocols differed also . The rest 
periods cons isted of walking on the t�eadmi l l  at 2 . 5  miles 
per hour for 3 minutes . The present study had the subj ects 
rest for five minutes with no . exercise . Both o f  these 
di fferences could have caused the di fference in the test 
results . 
The continuous test of the present study e l i c ited 
maximal oxygen uptake values ranging from . 9  to 1 . 4  l iters 
per minute and 2 7 . 6  to 4 7 . 4  mil l il iters per kil ograms per 
minute . The mean vo2max was 1 . 2 3 ± . 16 l iters per minute 
and 4 0 . 7  ± 5 . 4 2 mil l i l iters per kilograms per minute . The 
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present study ' s  discontinuous test elicited maximal oxygen 
uptake values of 1 . 0 . to 1 . 7  l iters per minute and 3 0 . 3 to 
5 8 . 5  mil l i l iters per ki lograms per minute . The mean vo2max 
for the discontinuous test was 1 . 4 3 + . 2 l iters per minute 
and 4 7 . 3  + 7 . 1 1 mil l il iters per kilograms per minute . 
These maximal oxygen uptake values are s imilar to those 
found in several studies using a simi lar population 
( Skinner et al . ,  1 97 1 ;  Krahenbuhl et al . ,  1 9 7 8 ) . Skinner 
et al . ( 19 7 1 )  reported a range of 4 3 . 0  to 4 5 . 7  mil l i l iters 
per ki lograms per minute on the continuous test which is 
higher than the present study ' s  range . Although Skinner ' s  
et al . ( 19 7 1 )  values were higher than the present they are 
still very c lose . On the discontinuous test Skinner ' s  et 
al . ( 19 7 1 )  results were lower ( 4 4 . 8  ± 4 . 3  mil l i l iters per 
kilograms per minute ) than the present study ' s  results 
( 4 7 . 3  ± 7 . 1  mil l i l iters per ki lograms per minute ) , _ but are 
actual ly very s imilar . The age rang� for the g i rls in 
Skinner ' s  et al . ( 19 7 1 )  study ( 6  to 15 . 5  years ) was larger 
than the present study ( 8  to . 10  years ) . 
Al so in support of  the results o f  this study is 
Krahenbuhl et al . ( 19 7 8 ) who reported a mean V02max value _ o f  
4 1 . 2 + 6 . 5  mil l i l iters per kilograms p e r  minute f o r  6 t o  9 
year old girls . This is very comparabl e  to the results o f  
the present study of  4 0 . 7  + 5 . 4 2 mil l i l iters per kilograms 
per minute . 
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A couple o f  studies whose results confl ict with the 
present study are Wilmore and S igerseth ( 19 6 6 )  and Ferrar 
( 19 8 5 ) . W ilmore and S igerseth ( 19 6 6 )  used a b icycl e  
ergometer a s  the mode o f  testing and thei r  vo2max values 
were h igher than the present study ' s  results . They found 
vo2max values o f  1 . 7 3 + . 07 l iters per minute for 7 to 9 
year old girls and 1 . 68 ± . 1  l iters per minute for 1 0  to 1 1  
year old g i rl s . This is di f ficult to exp l a in as normal ly 
the b icycl e  ergometer wil l  el icit lower vo2max values than 
the treadm il l . 
There i s  also confl ict with the present study and . 
the study it i s  repl icating ( Ferrar , 198 5 ) . The values 
from the Ferrar ( 19 8 5 )  study may be somewhat inflated since 
the l aboratory equipment was not functioning properly . on 
the cont inuous test Ferrar • s  ( 19 8 5 )  results ranged from 
4 0 . 6  to 5 6 . 3 3 mi l l il iters per kilogram per minute with a 
mean o f  4 7 . 4 9 + 5 . 7 4 mil l il iters per . kilogram per minute 
whi ch are h igher than those for the present study . The 
di scont inuous test o f  Ferrar ! s  ( 19 8 5 )  el icit�d �esults 
ranging from 4 0 . 3 2 to 6 0 . 4 7  mi l l i l iters per kil ogram per 
minute with a mean of  5 1 . 7 6  + 6 . 2 2  mil l il iters per kilogram 
per minute which are also higher than the present study ' s 
f ind i ngs .  
The re sp iratory exchange ratios o f  the present 
study were not s ign i f icantly different when obta ined from 
the continuous or discontinuous protocol .  The cont inuous 
test RER was • 9 9  + .· 0 6  and the discontinuous test RER was 
1 . 0 1 + . 0 6 .  Ferrar ' $  ( 19 8 5 )  RER values are thought to be 
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somewhat deflated . The RER for the continuous test was . 8 2 
+ . 04 and the discontinuous test . 8 1 + . 04 for the Ferrar 
( 19 8 5 ) . However , two . other studies ( Krahenbuhl et al . 1 9 7 8  
and Paterson e t  al . 19 8 1 )  had results that were comparable 
to the RER values of  this study . For a continuous tes ..t 
administered to 6 to 9 year girls , Krahenbuhl et al . ( 1 9 7 8 ) 
recorded a mean RER of  1 . 0 6 ± . 0 5 ,  whereas ,  the present 
study ' s  RER was . 9 9 ± . 0 6 for the continuous test . 
Although Paterson et al . ( 1� 8 1 )  used 10 to 12 year old 
boys , they found s imilar results for RER compared to the 
present study ' s  results . The RER values included . 9 8 ± . 0 7 
for the cont inuous walk , 1 . 0 0 ± . 0 2 for the cont inuous j og i  
which is what the present study used , and . 9·9 + . 0 7  for the 
continuous run . The present study ' s  RER o f  . 9 9 ± . 0 6 is 
essentially the same as the continuous j og value of 1 . 0 0 ± 
. • 02 . 
The minute ventilation values from this study were 
s igni ficantly d i fferent on the continuous and discontinuous 
protocols . The continuous protocol e l ic ited a mean VE of 
3 6 . 0 1 ± 4 l iters per minute and the discontinuous test 4 1 . 1 
± 6 . 0 6 l iters per minute . Krahenbuhl et al . ( 19 7 8 ) used . 
girls o f  s imilar ages ( 6  to 9 years ) and observed a s imilar 
VE o f  4 0 . 5  + 1 0  on a· continuous test . Thi s  was the only 
study reviewed that used s imilar aged girls and reported 
VE .  
6 6  
I n  this study the discontinuous protocol e l icited 
sign i ficantly higher vo2max values in both mil l il iters per 
ki logram per minute and l iters per minute than the con-
tinuous protocol . The RER values demonstrate that the . 
subj ects were working at maximum effort as the ir RERs were 
close to 1 . 0 0 or over . The discontinuous protocol e l icited 
signif icantly higher VE values than the continuous proto-
col . 
CHAPTER V 
SUMMARY AND CONCLUS IONS 
Summary · 
The purpose of  this study was to compare continuous 
versus discontinuous treadmil l  protocol s for the el icita-
t ion of maximum oxygen uptake in 14  prepubescent females . 
Each subj ect participated in a famil iari zation sess ion as 
wel l as continuous and di scontinuous testi ng sess ions . 
During . the famil iarization sess ion , the sub j ect was 
informed about the equipment and procedures uti l i z ed during 
the testing . Al so during this sess ion the subj ect com-
pleted a continuous treadmill  test . The order o f  the 
continuous and discontinuous tests were randomly ass igned . 
Be fore either the cont inuous or discont inuous tests were 
performed procedures were explained and questions answered . 
The continuous test was administered at a constant 
speed of 4 . 5  mph . The initial grade was O %  with 2 . 5 % 
increase every 2 minutes . This procedure continued · unti l  
the subj ect could n o  longer continue . A constant speed o f  
4 . 5 mph was a l so used for the discontinuous test . The 
initial grade was 0 %  and increased by 2 . 5 % every 3 minutes . 
A five minute rest period . fol l owed each three · minute work 
period . This  procedure was continued unt i l  the subj ect 
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could no l onger continue or until a plateau i n  V02 was 
attained . 
Al l three testing sess ions were completed on a 
motor-driven treadmil l . A two-way valve with headgear and 
mouthp iece fac i l itated expired gas col lection . Inspired 
air was measured by an air flow meter . Exp i red gases 
passed through a mixing chamber and were samp l ed through 
carbon diox ide and oxygen analyzers . Al l metabol ic 
measures were calculated us ing a computeri z ed measurement 
system . 
The statist ical analys is used for determinat ion of 
•igni ficant di fferences was a correl ated groups t-test . 
The correlated groups t-test was completed on the dependent 
variables o f  V02max in l iters per minute and mi l l i l iters 
per kil ogram per minute , respiratory exchanged rat io , and 
minute vent ilat ion . The . 05 level of s ign i ficance was 
uti l i z ed to determine s ign ificance of the results . The 
discont inuous test exhib ited sign i ficantly higher V02max 
values in both -l iters per minute and mil l i l iter� per 
kilogram per minute . There was no signi ficant dif ference 
in respiratory exchange ratio between the continuous and 
discontinuous protocols . A signi ficant difference was 
observed in minute ventilation between the two protocols 
with the discont inuous test el iciting the h igher values . 
Conclus ions 
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A discontinuous protocol el icited s igni ficantly 
higher maximum oxygen uptake values in thi s  study than the 
cont inuous protocol . This study supports that children are 
capabl e  of  a max imum effort as their RER ' s  approached 1 . 0 0 ,  
the value commonly used in adult studies as indicative of  a 
maximal e ffort . Using traditional criteria there were more 
plateaus attained in the continuous test than in the 
discontinuous test . This was not antic ipated and may be 
indicative that these may not be appropriate for children . 
Recommendations for Further Study 
It is recommended that the present study be 
repeated adding boys as subj ects and have four testing 
groups ( continuous protocol boys and girl s and discon­
t inuous protoco l  boys and girl s )  to determine i f  boys and 
girls respond in a s imilar manner to V02max testing . To 
determine if cardiovascular risk factors are developing in 
our children . Each child would complete a medical and 
physical evaluat ion to assess the prevalence o f  cardiovas-
cular risk factors . The items to be used for assessment 
would be a blood test for serum cholesterol and triglycer-
ides , a work capac ity test , body compos ition , and a family 
history quest ionnaire . 
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Appendix A 
INFORMED CONSENT FORM 
Dear Parents , 
My name is Monica Severson and I am currently a 
master ' s  degree student in the Department o f  Health , 
Physical Education , and Recreation at South Dakota State 
University . I am attempting to recruit 3 0  boys and girls 
ages 8 ,  1 0 , and 12 years to participate in a study of 
maximal oxygen uptake measurement procedures . S ince I am 
-
famil iar with the students and parents of  the Colman 
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School , I have decided that it would be bene f ic ia l  to do my 
study on these children . As a partic ipant in  the study you 
and your chi l d  can expect to find out hisjher current 
cardiovascular f itness level . 
Maxima l  oxygen uptake is the best measure o f  
cardiovascul ar f itness . Each child wil l  run on a motor-
driven treadmil l  during three testing sess ions . Each 
sess ion wil l  be approximately 1 hour in l ength and wil l be 
completed at l east 48 hours apart ·. During the f i rst 
sess ion the child wi l l  become famil iari z ed with the -
equipment , procedures , and how to run on the treadm i l l . 
During the second and third sess ions , each chi ld wi l l  
perform two d i fferent maximal exercise test protocols for 
the determination o f  maximal oxygen uptake . 
During one o f  the maximal exerc ise test ing 
sessions , each child . wil l  warm-up for 5 minutes and wi l l  
have a 1 0  minute rest period afterwards . After the rest 
period , each chi ld will run at a set speed for three , 3 
minute period with each period being separated by a 1 0  
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minute rest . The grade o f  the treadmil l  w i l l  be increased 
each period . Dur ing the other maximal exercise test ing 
session , each chi ld wil l  run at a comfortabl e  speed wh�ch 
wi ll remain constant throughout the test . The grade o f  the 
treadmill  will be increased every 3 minutes { as i f  the 
child is running uphill ) .  Each child ' s  heart rate wil l  be 
monitored throughout the testing and there wi l l  be constant 
supervis ion and encouragement . Dr . Jack Ewing , an exercise 
phys iologi st at SDSU , wil l  be supervis ing each test ing 
sess ion . 
The child wil l  be encouraged to give a maxima l . 
ef fort { run as l ong as poss ibl e ) , however , the chi ld may 
stop at any time . The risk of inj ury in this type o f  
testing i s  minimal and all precautions to prevent inj ury 
will be taken . The child may withdraw from the study at 
any t ime . It  wil l  be important that the child absta in from 
eating for 2 hours prior to the �esting . The test ing will 
be completed at the Human Performance Lab at S DSU . 
S ignature o f  the Parent 
S ignature o f  the Investigator 
Date 
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Appendix B 
RAW DATA 
D i s  Con Di s Con D i s  Con Di s Con D i s C:on 
I D I  Agt Ht ( c t )  Wt < kg >  Wt < kg >  V02 < tl ) V02 < al ) V02 ( 1 ) V02 ( 1 ) RER RER VE VE 
=========================================================================================== 
1 8 . 3  1 33 29 . 5 29 . 1  46 . 3 43 . 5  1 . 37 1 . 26 1 .  02 . 97 38 . 1  34 . 7  
2 9 . 5 142 3 1 . 5  31 . 7  52. 1 44 . 2 1 . 64 1 .  40 . 98 . 96 40 . 0  38 . 2 
3 8 . 6  135 30 . 7  30 . 9 49 . 8 45 . 6  1 . 53 1 .  4 1  1 . 02 . 96 44 . 0  38 . 3  
4 8 . 6 121  26 . 5  26. 8  38 . 8  33. 4 1 . 03 . 90 . as . 95 30 . 0  27 . 6  
5 8 . 6  1 37 4 1 . 3  4 1 . 5 42 . 1 33 . a  1 . 74 1 .  40 1 . 02 . 94 52 . 5  3'3 . 7  
6 . 9 . 2  1 35 37. 3 37 . 1 30 . 3  27. 6  1 . 1 3 1 . 02 1 . 02 1 . 04 35 . 8  36 . 5  
7 8 . 9  1 32 23 . 2  24 . 2  58 . 5  47 . 4  1 . 36 1 . 1 5 1 . 08 1 . 1 2 4 5 . 8 4 1 . 7  
8 9 . 2  1 32 29. 0 28. 8  48 . 2  43 . 2  1 . 40 1 . 24 1 . 1 0 1 . 00 46. 9 38 . 6  
'3 9 . 4  133 3 1 . 8 3 1 . 2  53 . 6  43 . 7  1 .  70 1 . 36 . 96 . 96 38 . 7 3 1 . 6  
1 0  9 . 3  1 40 34. 0  33. 9 45. 6  40 . '3 1 . 55 1 . 39 . 94 . 89 45 . 0 38 . 1  
1 1  '3 . 3  132 26 . 2  25 . 9  50 . 0 42 . 4  1 . 3 1 1 . 1 0  . '37 1 .  04 35 . '3  .., ,  r ,j,j , (j  
1 2  8 . 0  1 39 25. 8  25 . 5  48. 0 4 1 . 0 1 .  24 1 . 04 1 . 08 . 93 37 . 3 30 . 1  
13 8 . '3  1 35 34 . 0  34 . 0  42 . 3  37 . 7  1 .  44 1 . 28 1 . 06 , '37 4'3 . 4  40 . 8  
14 9 . 3 1 33 27 . 6  27 . 5  56 . 6  45. 6 L S6 1 . 25 . 98 1 .  08 36 . (1 34 . 9 
=========================================================================================== 
Not e .  D i s=Discont i nuous Ttst ; Con=Cont i nuous Ttst ; V02 < al > =V02tax i n  tl / kg / a i n ;  
Y02 < 1 > =V02aax i n  1 /ai n ;  RER=Resp i r at or y  Exchange Rat i o ;  VE="i nute V@nt i l at i on i n  1 / ai n 
